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ABSTRACT 


The previous total of 34 species known from Trinidad 
has now been raised to 45. Fidena trinidadensis, 
Acanthocera bequaerti, and Stibasoma flaviventre pulla 


Early in 1940 Dr. Joseph Bequaert (1940) pub- 
lished a list of the Tabanidae known from 
Trinidad in which he included 23 species. In 
June of the same vear (1940a), he included a 
revised list of 24 species in his revision of the 
Antillean Tabanidae. Some vears later (1944), 
he revised his previous lists and added a number 
of species to bring the total to 31 species. Finally, 
Dr. E. McC. Callan (1952), added three more 
species to the fauna, based on determinations 
made by Drs. Alan Stone and G. B. Fairchild, 
. bringing the total to 34 species. 

Over the past 5 vears the junior author and 
Dr. W. G. Downs have been able to make con- 
siderable collections of Tabanidae in various parts 
of Trinidad, including collections from the forest 
canopy. This material has included most of the 
species reported previously by Bequaert and 
Callan, as well as a number of additional species. 
It is planned eventually to treat the whole 
fauna in detail; the present note is merely to put 
on record the additions to the fauna and to 
straighten out some nomenclatural problems 
clarified by type comparisons made in recent 
vears by Drs. C. B. Philip and G. B. Fairchild 

For the sake of completeness, the present list 
includes all species recorded from Trinidad 


1The studies and observations on which this paper is 
based were conducted with the support and under the 
auspices of the Government of Trinidad and Tobago, the 
Colonial Medical Research Committee, and the Rocke- 
feller Foundation. 

Partial cost of publication of this paper was met by 
the Gorgas Memorial Institute of Tropical and Preven- 
tive Medicine, Inc. Accepted for publication October 
8, 1959. 


are described as new. Chrysops incisa, Tabanus johannesi, 
and T. trivittatus have been deleted from the island's faunal 
list. Several misidentifications by earlier authors are 
corrected. 


Where it has been found necessary to change a 
name used previously, the name given in 
Bequaert’s 1944 list is also given. Additional 
locality records are inserted under the appropriate 
species; where no localities are given, we have 
seen no material other than that mentioned by 
Bequaert. The suprageneric arrangement fol- 
lows Mackerras’ recent (1954) revision. An 
asterisk (*) indicates a new island record. 


Subfamily PANGONIINAE 
Tribe PANGONIINI 
Genus Esenbeckia Rondani 


|. Esenbeckia prasiniventris Macquart 
Ten females, eight males, from Maraval, Port- 
of-Spain, Tabaquite, Mt. Tamana, and Rio Claro, 
during the months of February, March, July, 
August, October, and November. Males hover- 
ing along forest traces, females in houses and 
attacking man in forest and cocoa areas. 


Tribe SCIONINI 
Genus Fidena Walker 


Fidena trinidadensis, new species 
FIGURE | 

This is the species reported by Callan (1952) as 
Fidena sp. near niveibarba Krober. Further 
study has convinced us that this species had best 
be described as new. 

A small brownish species with yellowish beard, 
pale brown legs, uniformly tinted wings and a 
white-haired band on second abdominal tergite 
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Female. Length 14 mm., of wing 13 mm 
Frons about three times as high as basal width, 
brown-pollinose and sparsely short black-haired. 
Eves densely short pilose. Subcallus brown, 
brown-pollinose. Face produced, the fronto- 
clypeus bare and shiny dorsally but with sides 
and a median patch beneath antennae grey-pol- 
linose, both areas beset with sparse, long, dark 
hairs. Beard vellowish-white. Antennae with 
first two segments brown, pollinose, sparsely dark- 
haired, the third orange, slender, evenly tapered, 
the terminal annulus about twice as long as the 
penultimate. Palpi brown, lanceolate, the outer 
surface largely bare, edges black-haired. Pro- 
boscis brown, slender, longer than thorax. 


# 


Fic. 1. frons and b. 


Fidena trinidadenis n. sp 
side view of head of holotype. 


TEXT 


Mesonotum cinnamon-brown, sparsely black- 
haired, unstriped, the scutellum slightly paler. 
Hairs on each side of scutellum mixed black and 
dull yellowish. Pleura with dense dull yellowish- 
white hairs, sternum and coxae_ black-haired. 
Upper squama fringed with long silvery-white 
hairs. Halteres brown with vellowish-white knob. 
Wings with costal cell vellowish, remainder of 
wing rather evenly pale brownish-fumose, slightly 
more intense around ends of basal cells. No 
appendix on fork of third vein. First posterior 
cell closed and petiolate. Legs slender, yellowish- 
brown, the tibiae slightly paler. Femora dark- 
haired, tibiae black-haired on outside, reddish- 
vellow-haired on inside; no hind tibial fringe. 

Abdomen plump and rounded, blackish in 
ground color, the first and second segments 
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whitish-pruinose, remainder dark. First tergite 
with silverv-white hairs at sides, black in middle; 
second with white hairs the width of tergite at 

sides, but reduced to a narrow hind-marginal band 
dorsally; third and fourth tergites wholly black- 
haired; fifth to seventh with white hairs laterally 

3eneath the second segment is whitish-pruinose, 
with a broad silver-haired hind-marginal band, 
the remainder darker, mainly dark-haired or with 
sparse silvery tufts laterally on tergites three and’ 
four and narrow pale-haired hind margins on 
fifth to seventh sternites. 

Holotype female, La Horquette Valley, Caren- 
age, Trinidad, B.W.1., 30 June 1955, G. Lewis 
coll.; 1 Q paratype, same data; | paratype, 
Caura River, Trinidad, 9 July 1949, biting man, 
E. McC. Callan coll.; 2 9, Caura Valley, Trini- 
dad, 24 June 1945, biting man, T. S. Jones coll 
Holotype in MCZ, paratypes in Imperial College 
of Tropical Agriculture and authors’ collections 

The species resembles in color and structure 
F. winthemi (Wied.), differing in a somewhat 
broader frons, less extensively shiny fronto- 
clypeus, and in having the pleura whitish haired 
F. niveibarba Krob. appears to differ in a more 
evlindrical antenna with short terminal annulus, 
and in having some white hairs on the hind mar- 
gins of all tergites. F. nigricans Lutz has a 
wholly black abdomen, more produced 
and snow-white beard 


Tace, 


Subfamily CHRYSOPINAE 
Tribe CHRYSOPINI 


Genus Chrysops Meigen 


4. Chrysops variegata DeGeer 

Three hundred eighty-seven princi- 
pally attacking man but also oxen; a few from 
cars and dry ice-baited traps. Eves light green 
with vellow highlights and discrete purple 
patches. Two females, Caroni Swamp, 2 Aug 
1956, Downs coll., and North Manzanilla, 13 
Sept. 1957, Aitken coll., are unusually dark, with 
blackish frontal callus, brown scutellum, and very 
narrow vellow thoracic stripes. They 
agree with Krober’s (1925) brief diagnosis of his 
var. venezuelensis 


females, 


seem to 


!. Chrysops tristis Fabricius 
Not taken by us. One female in MCZ, Har- 
vard University, collected by N. A. Weber, det 
by J. Bequaert 


»). Chrysops auroguttata Krober 

Listed by Bequaert in 1940, but omitted in 
1944. Fairchild examined the types of both this 
and the following species in the British Museum 
(1956) and concluded that they were distinct 
species, as did Bequaert (1944). The cotype of 
auroguttata collected by Balfour in Trinidad and 
mentioned by Kroéber in his original description 





1960] Fairchild and Aitken: 
(1930) and by Bequaert (1940) was seen by 
Fairchild and agrees with the type from Colombia. 
The other specimens listed under auroguttata by 
Bequaert (1940) are pallidefemorata Krober, so 
that the occurrence of auroguttata in ‘Trinidad 
rests on the single cotype (= paratype). 


6. Chrysops pallidefemorata Krober 

We have seen, in addition to the specimens 
discussed by Bequaert and mentioned above, a 
considerable series of this species from Caroni 
Swamp, 18 Oct. 1956. 

Fourteen females, from Caroni Swamp and 
adjacent Success Village and Cacandee Settle- 
ment. All attacking man, except one taken in a 
car; May, July, August, and October. 


7. Chrysops bulbicornis Lutz 
Fourteen females, from Curepe, Arena Forest, 
Sangre Grande, Vega de Oropouche, Melajo and 
Rio Grande Forests, Manzanilla Beach, and Rio 
Claro; throughout the vear. 


S. Chrysops laeta var. sublaeta Philip* 
C. laeta auct. nec Fabricius. 
Two females, Arena Forest, 3 February and | 
April 1954, W. G. Downs coll. (one at light 
trap). 


9. Chrysops formosa Krober* 

Not taken by us. One female from Arouca in 
MCZ, Harvard University, collected by E. McC 
Callan, 10 March 1944, determined by J 
Bequaert 


Subfamily TABANINAE 
Tribe DIACHLORINI 


Genus Diachlorus Osten Sacken 


10. Diachlorus scutellatus Macquart 


Twenty-eight females, mainly from Rio Grande 
Forest tree station (canopy), Vega de 
Orépouche, Sangre Grande, Long Stretch, and 
Cumuto; throughout the vear. Eves green, with 
irregular concentric purple rings from frons to 
gena, one on periphery 


also 


11. Diachlorus curvipes (Fabricius) 
Thirty-six females, from Rio Grande Forest, 
Vega de Oropouche, and Rio Claro; throughout 
the year. Eves green, with irregular reddish- 
purple ring from frons to gena, also one on 
periphery and irregular inner patch on frontogenal 
margin. 


12. Diachlorus bicinctus (Fabricius)* 


One female from Archer estate, Rio 
Claro—Mayaro Road, 32'4 mile post, 6 August 
1958,.10:15 a.m., attacking man, Aitken coll. 


cocoa 


Tabanidae of Trinidad 


Genus Lepiselaga Macquart 


13. Lepiselaga crassipes (Fabricius) 
Not collected by us. One female from Point 
Fortin (R. C. Shannon) recorded by Bequaert 
(1944). 


Genus Selasoma Macquart 


14. Selasoma tibiale (Wiedemann) 
Not seen by us. One female in British Museum 
recorded by Bequaert (1940). 


Acanthocera bequaerti n. sp. a. wing of 
head in side view 


TEXT Fic. 2. 
paratype. b. frons of holotype. c. 
of holotype. 


Genus Dichelacera Macquart 


15. Dichelacera ochracea Hine 
Twenty-one females and two males, April to 
September, from Port-of-Spain, Maraval, Diego 
Martin, Arena Forest, Cumaca, and Vega de 
Oropouche. Frequently taken at dusk or at 
light. Eyes green, somewhat darker above. 


Genus Acanthocera Macquart 


16. Acanthocera bequaerti, new species 
Figure 2 
A. marginalis Wik. Bequaert 1944. 

Female. Length 12 mm., of wing 10.9 mm. 
Eves bare, the pattern of green bands on a dark 
bluish ground similar to marginalis. Frons about 
1.5 times as high as basal width, nearly parallel- 
sided, light grey-pollinose. Basal callus wider 
than high, irregular, formed of a transverse bar 
and central broad ridge. Tubercle at vertex a 





4 Annals of the Entomological Society of America 


large wrinkled and protuberant callus, without 
ocelli, filling width of frons. Frontoclypeus 
greatly inflated, bare and shiny, black. Genae 
also largely bare and shiny, but with a narrow 
pollinose strip next the eyes and a small pollinose 
patch on the sides of frontoclypeus next the 
tentorial pits. First antennal segment slender, 
cylindrical, slightly swollen at apex, dull yellow- 
ish, about twice as long as the slightly darker 
second segment, both thinly pollinose and 
sparsely black-haired. Third segment over twice 
length of first two, the basal plate much shorter 
than style. Basal plate yellowish-brown, the 
dorsal spine slender, obtuse, not reaching first 
annulus of stvle, the latter black. Palpi blackish, 
black-haired, slightly inflated basally, but with 
slender tip. Proboscis black, the theca shiny 
sclerotized, the labella small, pollinose, with a 
shiny strip at base. 


Mesonotum black, subshiny, with a pair of 


slender subdorsal golden-vellow lines not reaching 
posterior border. Antealar tubercles and scutel- 
lum densely golden haired. Pleura black, thinly 
greyish pruinose or subshiny, with a_ small 
diagonal patch of golden hairs before the wing 
bases. Coxae and femora black or dark brown, 
subshiny, sparsely short black-haired, the hind 
coxae prominently white-pruinose _ laterally 
Tibiae black, the fore pair whitish at extreme 
base the mid and hind pair about one-fifth 
basally white; fore and mid tibiae shortly white- 
haired, the hind pair black-haired except on the 
white portion. All basitarsi white, their extreme 
tips dusky, the remaining tarsal segments brown 
Wing vellowish tinged, especially costal cell and 
basal two-thirds of anal cell. A dark patch more 
or less fills apices of marginal and first and second 
submarginal cells beyond apex of stigma, but 
leaves most of marginal cell hyaline or yellowish 
There is also some darkening of first basal cell 
toward its apex, and the apical third of anal cell 
is quite strongly blackish. 

Abdomen black, subshiny, 
whitish-pruinose and with a narrow bright 
vellow-haired hind margin. Second segment nar- 
rowed behind, whitish-pruinose, but with a black- 
velvety pollinose transverse band widened in the 
middle immediately before the narrow golden- 
haired hind-marginal band. This black-velvetv 
area is beset with erect yellow hairs, only visible 
when viewed from in front. Third segment 
widened behind, black-pollinose and with a nar- 
row golden-haired hind margin, widest in the 
middle, obsolete laterally. There are also scat- 
tered golden hairs over most of the tergite. 
Fourth tergite further widened behind. black, 
subshiny, with scattered golden hairs; fifth and 
succeeding segments becoming narrower, black, 
subshiny and with scattered golden hairs. Be- 
neath the first tergite is whitish pruinose, the 
remainder black and subshiny, the second and 
third with narrow white and white-haired hind 
margins 


the first tergite 
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Holotype female, Rio Grande Forest, Sangre 
Grande, Trinidad. 9 October 1956, biting man, 
Aitken coll. Paratypes, 31 females from the 
following localities in Trinidad: Rio Grande 
Forest (2) March 1956, Feb. 1957; Charuma 
Forest, Tabaquite (7) Aug. 1954, March, June, 
July 1955; St. Patrick Estate, Arima Valley (3) 
June, July 1953; Vega de Oropouche, Sangre 
Grande (1) June 1957; Melajo Forest, Sangre 
Grande (1) May 1955; Biche Road (1) June 
1954; Cumaca (7) May, June 1954; Cunaripo 
R. C. School (1) May 1957, all Aitken and/or 
W. G. Downs coll. N. Side Morne Bleu, 2500 
ft. (1) 23 June 1935, N. A. Weber coll., Sangre 
Grande (1) July 1945, Callan coll. Guaico (1) 
1 Jan. 1940, Adamson coll., Talparo (3) 26 July 
1945, Callan coll. Cumaca (1) 30 July 1944, 
Kirby coll., Cumuto (1) 7—-1-41 Rozeboom coll., 
compared with type of marginalis Walker by 
C. B. Philip and found not in agreement. 

Holotype in Museum of Comparative Zoology, 
Cambridge, Mass. Paratypes in authors’ col- 
lections and in Imperial College of Tropical 
Agriculture, St. Augustine, Trinidad 

The paratvpes vary from 8.5 to 10 mm. in 
wing length. Some have the abdomen brownish 
and rarely the mid tibiae as much as one-third 
white basally 

This species 1s exceedingly close to «1. 
ginalis Walker, of which A. formosa Krob 
synonym. It differs in having a slightly broader 
and more parallel-sided frons, in lacking yellow- 
pollinose patches on sides of thorax before anterior 
spiracle, in having largely black tibiae, and in 
having the costal border of the wing blackish only 
at extreme base and beyond stigma, the costal 
cell being clear vellow. The whole wing is also 
strongly vellow tinged and the dark in apex of 
anal cell more extensive than in marginalis. 

True marginalis has been well figured by Lutz 
(1915, pl. 19, fig. 4), though many specimens are 
blacker than shown in his figure. It appears to 
be confined to the mainland. The species de- 
scribed and figured by Kréber (1928, fig. 5) as 
marginalis is entirely different, having a very 
much narrower frons and more extensively vellow- 
haired thorax and abdomen. Fairchild (1939) 
confused the species, treating true marginalis as 
formosa Krob. and the species as 
marginalis 


mar- 


isa 


present 


Genus Stibasoma Schiner 


17. Stibasoma fulvohirtum (Wiedemann) 


One hundred ninety-four females, throughout 
the year. Mainly from Rio Grande Forest tree 
station, but also Vega de Oropouche, Fishing 
Pond, Long Stretch, Charuma Forest, and Rio 
Claro. Essentially a forest canopy — species 
There is considerable color variation in this spe- 
cies, the pile of the mesonotum ranging from 
reddish-vellow to uniformly black. Eves uni- 
formlv green with reddish highlights 





1960 Fairchild and Aitken: 
18. Stibasoma mallophoroides (Walker) 
Stibasoma dyridophorum Knab, Bequaert 1940. 

Fairchild has seen the types of both species and 
confirmed (1956) the synonymy. The specimen 
from Balandra on which Bequaert (1944) ap- 
parently based his record of mallophoroides be- 
longs to the species discussed below. We have 
seen a very considerable series of true mal- 
lophoroides, which proves to be quite variable in 
color. Eyes black. Ninety-three females, all 
from Rio Grande Forest tree station, from 25 feet 
to 95 feet above ground, throughout the vear. 


19. Stibasoma flaviventre pulla, new subspecies 
S. sulfurotaeniata Krober var., Callan 1952. 

Comparison of a considerable series of speci- 
mens from Trinidad with material from Panama 
and elsewhere has convinced us that S. sul- 
furotaeniata is a synonym of flaviventre, and not 
applicable to specimens from Trinidad. The 
Trinidad form is structurally indistinguishable 
from flaviventre, but averages smaller, wing length 
13-16 mm. compared to 16-19 mm. for a series of 
15 specimens from Mexico, Honduras, and 
Panama. In color, the Trinidad form is darker, 
the abdomen dorsally varying from wholly 
black-haired with only the seventh tergite with a 
fringe of vellow hairs, to specimens with com- 
plete yellow hind-marginal fringes on tergites 2 to 
7. In the latter case the fringe on the second 
tergite is always broader and more prominent 
than the others. Most specimens have the 
vellow fringe on the second and seventh tergites, 
while the remaining tergites have the fringe re- 
duced to a patch in the middle and at the sides 
or absent. The dark hairs of the abdomen are 
usually black, occasionally with a more or less 
reddish tinge, but never the bright coppery-red 
usual in flaviventre. We have seen also the types 
of flaviventre Macquart, from Rio Negro, and of 
dives Walker, from the Amazon, as well as another 
Amazon specimen and one from Georgetown, 
B.G., all in the British Museum. These agree 
with our Central American specimens, except that 
the Georgetown specimen has the dark hairs of 
the abdomen black. We believe the Trinidad 
population to represent a true geographical sub- 
species, differing as above as well as being more 
variable. The specimen selected as holotype 
represents approximately the median in our 
series. The eyes in life are bicolored, dark green 
above, light green below. 

Holotype female, Rio Grande Forest, Sangre 
Grande, Trinidad, B.W.I., 25 June 1957, taken 
attracted to man at 95 feet in forest canopy 
T. H. G. Aitken coll. To be deposited in Mu- 
seum of Comparative Zoology. 

Paratypes, 36 females from 
localities, all in Trinidad: St. Augustine, 12 
Dec. 1948, D. G. Austin coll. (1); Baiandra, 
April 1923 (1); St. John Estate, Vega de Oro- 


the following 


Tabanidae of Trinidad 5 


pouche Road, 7 Aug. 1958, Aitken coll. (1); 
same locality as holotype, all but one taken at 
human bait at platforms 75 to 95 feet above 
ground level in the forest canopy May 1956 (1), 
Feb. 1957 (1), Apr. 1957, (1), June 1957 (6), 
July 1957, (1), Aug. 1957 (1), Oct. 1957 (1), Nov. 
1957 (1), Dec. 1957 (1), Jan. 1958 (1), Feb. 
1958 (5), Mar. 1958 (i), Apr. 1958 (3), June 
1958 (6), Jan. 1959 (1), Feb. 1959 (1), April 
1959 (1). In coll. of authors. 


Genus Chlorotabanus Lutz 


Chlorotabanus (Chlorotabanus) mexicanus 


(Linné) 

One hundred fifty females, from Mandillon 
Road (Sangre Grande), Vega de Oropouche, Rio 
Grande Forest, Archer Estate (Rio Claro), and 
Macqueripe Bay. Throughout the year. From 
oxen at dusk. Eves dark reddish-brown. 


20. 


21. Chlorotabanus (Chlorotabanus) inanis 
(Fabricius) 

One hundred fifteen females, from Rio Grande 
Forest, Vega de Oropouche, and Archer Estate 
(Rio Claro). Throughout the year except March- 
April, July-August, and December. From oxen 
at dusk. Eves dark reddish-brown. 


22. Chlorotabanus (Cryptotylus) unicolor 
(Wiedemann) 

Two hundred sixty-four females, from Rio 
Grande Forest, Vega de Oropouche and Archer 
Estate (Rio Claro). Throughout year, except 
March-April, July-August, and December. From 
oxen at dusk, save three females taken from 
oxen at midday. Eves dark brownish-black. 


23. Chlorotabanus (Cryptotylus) chloroticus 
Philip and Fairchild 
Ommnalia viridis Enderlerin, Bequaert 1940. 


Zabanus luteoflavus Bellardi, Bequaert 1940. 
T. (Cryptotylus) limonus Townsend, Bequaert 1944. 


Seventy-nine females, from  Port-of-Spain, 
Arima, Sangre Grande, and Vega de Oropouche, 
in May-July and September. From oxen at dusk. 


Genus Phaeotabanus Lutz 


24. Phaeotabanus fervens (Linné) 
P. semiflavus Kroéber, Bequaert 1944. 

Four females, from Rio Grande Forest (1 
March 1957), Plum Mitan (18 March 1957), 
Vega de Oropouche (17 April 1957), and Caratal 
Forest, Biche (4 February 1959), Aitken coll. 
All taken attacking man save the last which 
was on vegetation. 


25. Phaeotabanus prasiniventris Kréber* 

Our two specimens differ in some respects from 
Krober’s rather brief description, having their 
palpi dark haired, the legs darker, and lacking 
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pale fringes on the tergites. One female, Vega 
de Oropouche (Sangre Grande) 28 March 1956, 
off donkey, W. G. Downs coll. A second female 
attacking man at 3:30 p. m., 7 August, 1957, from 
La Seiva Jctn., Sangre Grande, T. H. G. Aitken 
coll. The eve is green in life, unbanded. 


26. Phaeotabanus obscuripilis Krober* 
Three females taken off oxen at Vega de 
Oropouche 4, 29 May and 20 July 1958, Aitken 


coll. Eves bright green. 


Genus Stenotabanus Lutz 


Stenotabanus (Stenotabanus) maculifrons 
(Hine) 
Tabanus (Stenotabanus) maculifrons Hine, Bequaert 1944. 
Two females, Valencia Old Road, Sangre 
Grande, 20 March 1957, attacking man, Aitken 
coll. 


28. Stenotabanus (Aegialomyia) tobagensis 
Fairchild 

Three females from Pigeon Point Beach, 
Tobago, 17 July 1955, ex man (including holo- 
type); 1 female, Pigeon Point, Tobago, 30 July 
1957, biting man on beach, Aitken coll.; and 1 
female attacking man on beach, Maracas Bav, 
Trinidad, 18 Mav 1957, Aitken coll 


Genus Leucotabanus Lutz 


29. Leucotabanus exaestuans (Linné) 


Tabanus (Leucotabanus) leucaspis Wiedemann, Bequaert 

1944, 

Trinidad examples appear more vellowish than 
most continental specimens, due to admixture of 
brassy or reddish hairs on disk of mesonotum. 

One hundred sixty-five females, throughout 
year from forested areas; principally taken attack- 
ing man, but also attacking oxen 


Tribe TABANINI 


Genus Tabanus Linné 

The species of Tabanus listed below have been 
placed by various authors in a number of nomi- 
nal subgenera whose limits remain very poorly 
defined, and concerning several of which there 
are still unresolved nomenclatural conflicts. We 
feel it best therefore to refrain from placing these 
species in restricted subgenera. Poeciloderas 
qguadripunctata (Fab.) has generally been placed 
with the Holarctic genus Hybomitra, but both 
nomenclatural and zoological considerations make 
it seem best to retain Poeciloderas Lutz for it and 
its close Neotropical relatives. 


30. Tabanus sorbillans Wiedemann 
One hundred seventy-six females, throughout 
the year from Port-of-Spain, Arima, Las Lomas 
No. 3, Valencia, Long Stretch, Sangre Grande, 
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Old Road, Vega de Oropouche, Rio 
Charuma Forest, Rio Claro, 
Siparia, and Princes Town. Principally from 
oxen, but man also. Eves reddish-purple, with 
two horizontal green bands, the red area between 
narrower, or at most equal, to width of one 
green band at frontal origin (see T. pseudoculus) 

The male is, in general, similar to the female, 
but has the abdomen with a narrow middorsal 
pale stripe not broken into triangles. The 
antennae are more slender than in the female, the 
palpi oval, porrect, long brownish haired. The 
eves have the large facets well differentiated and 
demarcated from the small facets, occupying 
somewhat over half the eye area, but with small 
facets reaching the vertex in a narrower border 
behind. There is a small tubercle at vertex, 
sunk between the eyes. The head is distinctly 
wider than thorax. We have a single male, 
Chaguaramas, U. S. Naval Station, 10 Sept 
1957, taken in a light trap, Aitken coll 


Valencia 
Grande Forest, 


31. Tabanus xipe Krober 
Two hundred fortv-one females, throughout 
vear from Rio Grande Forest, Vega de Oropouche, 
Sangre Grande, Valencia, Arima, Arena Forest 
Tabaquite, Cat’s Hill Reserve, and Rio Claro 
Mainly from oxen, but alsofrom man. Eves light 
green with three horizontal reddish-purple bands 

connected laterally by marginal band 


32. Tabanus pseudoculus Fairchild* 

Fifteen females, from Rio Grande Forest, Vega 
de Oropouche and Rio Claro-Mayaro Road, 
January, February, May, September, and Octo- 
ber. Aitken coll.. Mainly from oxen, and all 
but one at dusk (one taken at 12:30 p.m.). One 
female, Caura Valley, 19 May 1944,a.m. Adam- 
ICTA 4121. Eves reddish-purple with 
two narrow horizontal green bands, the red area 
between being much broader than green band at 
frontal border. (see T. sorbillans) 


. 1 
son coll 


33. Tabanus claripennis (Bigot 
T. hookeri Knab, Bequaert 1944. 

Eleven females, one male; from U. S. Naval 
Station (Chaguaramas, male in light trap), 
Maraval, Sangre Grande, and Vega de Oropouche; 
March, May, June, August, and October. Mainly 
from oxen. Eves reddish-purple with three green 
stripes, the dorsal two confluent. 


34. Tabanus pungens Wiedemann 

T. angustivitta Krober, Bequaert 1944; desertus Walker 

A single female (R. C. Shannon, coll.) reported 
from Nariva Swamp by Bequaert (1944). A 
second specimen from the same locality was 
called johannesi Fairchild by Bequaert (1944); 
examination of this specimen by the senior author 
indicates it to be only a small, dark specimen of 
pungens. Hence johannesi can be struck from 
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the Trinidad list. We have one additional female 
from Plum Mitan (near Nariva Swamp), 18 
March 1957, Aitken coll. 


35. Tabanus colombensis Macquart 
7. trilineatus Latreille, Bequaert 1940. 
1. amplifrons Krober, Bequaert 1944. 

Thirty-four females, one male; from Maraval, 
Caura Dam, Valencia, Sangre Grande, Vega de 
Oropouche, Rio Grande Forest, Rio Claro, and 
Parrylands. Throughout the vear, from oxen, 
man, houses, cars, etc. Eyes reddish-purple with 
two horizontal green bands, the upper expanding 
laterally, a green spot near the occipital angle. 


36. Tabanus vittiger guatemalanus Hine 
T. carneus Bellardi, Bequaert 1940. 
One female from Port-of-Spain, August 1953, 
W. G. Downs coll. One male, Valencia, Sangre 
Grande, 15 July 1957, Aitken coll. 


37. Tabanus lineola var. carneus Bellardi 


Seven hundred ninety-two females, nine males. 
Widespread, found throughout the vear 


38. Tabanus commixtus Walker* 
1. maya Bequaert. 

Not taken by us. One female in MCZ, Har- 
vard University, from St. Augustine, 5 January 
1944, E. McC. Callan, identified by Bequaert as 
T. maya 


39. Tabanus basivitta Walker* 

Ninety-three females, one male; from Maraval, 
Charuma Forest (Tabaquite), Mt. Tamana, and 
Rio Claro, January-April, August, and October- 
November, largely from oxen in or near forested 
areas. Eyes uniformly dark green. 

The male is similar to the female in color, 
though our single specimen is slightly teneral and 
the wings paler than in the female. The eves 
are bare, the area of enlarged facets occupying 
about half the eye area and completely surrounded 
by small facets. The two sizes of facets are 
sharply demarcated. There is a small tubercle 
at vertex not reaching above eve level and without 
vestiges of ocelli, but with a tuft of erect black 
hairs at its apex. Antennae dark brown, nearly 
black, much more slender than in female and with 
a shorter dorsal tooth. Palpi pale brown, por- 
rect, clavate, with fairly dense long black and 
vellowish hairs. Proboscis black, slender, the 
labella long and pollinose. Beard brownish-vellow. 

Description based on a male found resting on 
sunny pavement at Maraval, Trinidad, 9 Febru- 
arv 1957, Aitken coll. 


40. Tabanus importunus Wiedemann* 


Thirty-nine females, from Arima, Piarco, Aripo 
Savannah, Sangre Grande, Vega de Oropouche, 


Tabanidae of Trinidad 


Rio Grande Forest, and Mayaro; January, 
March-June, August-October. Mainly from oxen. 
Eyes pale vellow-green with reddish-purple 
highlights. 


41. Tabanus nebulosus DeGeer 
T. ferrifer Walker, Bequaert 1944. 

Seventy-nine females, from Toco, Rio Grande 
Forest, Vega de Oropouche, Sangre Grande, 
Valencia, Balata Hill Road (Manzanilla), Bovel 
Estate (Cocal), Bush Bush (Mayaro), and 
Archer Estate (Rio Claro) throughout vear. 
Mainly from oxen. Eyes similar to importunus. 
One male, St. Augustine, 20 March 1956, Callan 
coll. 


42. Tabanus olivaceiventris Macquart* 


Two females, from Vega de Oropouche, 26 
September 1957, and Rio Grande Forest, 7 
October 1957, from oxen. Aitken coll. One 
female from Balandra, 19 April 1959, from man, 
Downs coll 

43. Tabanus confligens Walker* 

Ten females. Two specimens in MCZ, Har- 
vard University, seen by senior author refer to 
this species: Siparia, January, and Mundo 
Nuevo, March, R. C. Shannon coll. We have 
taken eight additional females, from Rio Grande 
Forest, Vega de Oropouche, and the Cocal. 
November, January, April-June. All from oxen, 
except one from a car. 


44. Tabanus discifer Walker 
Thirty-five females, from Rio Grande Forest, 
Vega de Oropouche, and Rio Claro, throughout 
the year, mainly from oxen. Eves dark green 
with reddish highlights. 


Genus Poeciloderas Lutz 


$5. Poeciloderas quadripunctata (Fabricius)* 


One female, Aripo Savannah, | January 1957, 
W. G. Downs coll. 


SPECIES DISCARDED FROM TRINIDAD LIST 


1. Chrysops incisa Macquart 
C. fulviceps Walker, Bequaert 1940, 1944. 

A female specimen determined by Bequaert 
and labelled ‘‘Trinidad, N. A. Weber, 275” was 
compared and found to agree with Macquart’s 
type in British Museum (Fairchild 1956). We 
believe this to be the specimen recorded by 
Bequaert in 1940. According to Dr. Weber (cor- 
respondence), specimen 275 was collected in 
British Guiana, hence, as the Trinidad record 
is based on this one specimen, the species should 
be deleted from the island list 
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2. Tabanus johannesi Fairchild 


See discussion under Tabanus pungens. 


3. Tabanus trivittatus Fabricius 
T. fumatipennis Krober, Bequaert 1944. 

Philip (1954) has discussed this species. The 
specimen in the MCZ on which Bequaert’s record 
rests agrees with Philip’s diagnosis. It is 
labeled merely ‘‘Trinidad, N. A. Weber, 269.” 
Correspondence between the senior author and 
Dr. Weber reveals that specimen 269 was col- 
lected in British Guiana. Hence the species must 
be deleted from the Trinidad faunal list. 
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BISHOP 


ABSTRACT 


The mature larvae of Cryptolestes ferrugineus 
(Stephans), Cryptolestes minutus (Olivier), and Crypto- 
lestes turcicus (Grouville) are described and a key is 


The larvae of the species of Cryptolestes that 
infest stored grain have never been treated 
taxonomically as a group. A brief description 
of the immature stages of Cryptolestes minutus 
(Olivier) has been given by Davies (1949). 
Rilett (1949) has figured and briefly described 
those of Cryptolestes ferrugineus (Stephans) and 
has given several characters for separating the 
larvae of this species from that of minutus. 


1Based on a portion of a thesis submitted in partial 
fulfillment of the requirements for the degree Doctor of 
Philosophy at the State College of Washington. Ac- 
cepted for publication March 2, 1959. 

*Scientific Paper No. 1819. 
Aberdeen Branch Experiment Sta- 
tion, Aberdeen, Idaho. I wish to express my apprecia- 
tion to Doctors Horace S. Telford, Maurice T. James, 
and David Walker for advice and assistance during this 
investigation, and for criticism of the manuscript. The 
research was supported largely from Federal Regional 
Funds (WM-16) and from substantial grants from the 
Washington State Department of Agriculture. 
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given for their separation. Determinations based upon 
the larvae of these species were found to be faster and 
more accurate than determinations based upon the 
adults 


The larva of ferrugineus was also described 
briefly by Olliffe (Rilett, 1949). There appears 
to be no published description of the larva of 
Cryplolestes turcicus (Grouville). 

These three species are closely related and very 
difficult to separate in the adult stage, particularly 
for persons not familiar with the genus. In the 
collections which I have examined turcicus was 
nearly always misidentified as minutus, and 
minutus and ferrugineus were often confused with 
each other or both were present in a composite 
series under one identification label. The larvae 
of these species, however, offer external taxonomic 
characters much more distinct than those of the 
adults, and on the basis of numerous observations 
appear to be much less variable. Since they are 
always found in infestations with the adults, 
little difficulty is experienced in obtaining larvae 
for more accurate identifications. Also, identi- 
fication of the larvae is the most accurate means 
of checking laboratory cultures for mixtures. 
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Fic. 1.—C. 


Fic. 2. 
Fic. 3. 


Fic. 4.—C 


minutus, fourth-stage larva, ventral view of the head and prothorax 
position of the silk glands and the median ventral strip 


minutus, fourth-stage larva, ventral view of the eighth and ninth abdominal 
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showing the 


C. ferrugineus, same. 
C. turcicus, same 


segments 


showing the circumanal sclerite and the urogomphi 


Fic. 5.—C 


Fic. 6.—C. 


turcicus, Same. 


ferrugineus, fourth-stage larva, dorse1 view of the prothorax showing the apex of the 


silk gland 


LARVAL CHARACTERS 


The gross changes which occur in the form of 
the larva of ferrugineus during development have 
been discussed and illustrated by Rilett (1949) 
For practical purposes these changes apply e- 


qually well to minutus and turcicus. However, 
several special morphological features differ in 
their development among the three species. 
These features as well as those which may not be 
self explanatory in the key or larval descriptions 
are discussed. 

On the ventral side of the head is a pair of 
sclerotized rods termed the hypopharyngeal rods 
by Boving and Craighead (1931). Each rod of 
the pair extends from the outer margin of the 
hypopharyngeal bracon (Boving and Craighead) 
to the hind margin of the head. Near the an- 
terior one-fourth of the rod a branch is extended 
toward the base of the antenna. The rods do 
not appear to vary among the species. 

The eye is located on the lateral margin of the 
head behind the antenna. It consists of five 
ocelli formed in a half circle opened ventrally, or 
arranged in an irregular closed circle. Shortly 
after the larva enters the prepupal phase, the 


pigment from the eye moves posteriorly and be- 
comes located in the anterior portion of the 
prothorax near the base of the fleshy portion of 
the silk gland. The change in position of the 
pigments requires about 24 hours, and the pig- 
ments remain visible in their new location until 
pupation. 

This histology of the silk glands of ferrugineus 
has been discussed by Roberts and Rilett (1953). 
There is some variation in the appearance and 
development of the glands among the three 
species. Each species has a single pair located 
ventrally on the first thoracic segment. The 
gland appears to arise from an inconspicuous 
basal plate-like area which extends from near the 
posterior margin of the segment to the base of 
the fleshy functional portion of the gland. The 
fleshy portion of the gland in minutus and turcicus 
is somewhat globular and extends away from the 
body and forward, and when fully developed 
extends over a portion of the ventral side of the 
head.. At the same stage of development the 
gland is larger in turcicus than in minutus. In 
ferrugineus the fleshy portion of the gland is 


located on the anterior lateral margin of the seg- 
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ment, and in contrast to the other two species, 
appears as a swollen shoulder-like area which 
does not hang free from the body. The shoulder- 
like area in ferrugineus is distinct from the dorsal 
view while in the other two species the gland is 
not visible dorsally. In all three species the gland 
is terminated by a group of setae which form a 
subcircular arrangement. These setae are small 
in minutus but quite conspicuous in ferrugineus 
and turcicus. The setae are commonly curved 
apically in turcicus. During cocoon formation, a 
single strand of silk may be seen to originate from 
each of several of the setae. 

In ferrugineus the gland appears late in the 
second stadium as a small lateral swelling and 
develops gradually until it reaches its fullest 
development on the prepupal stage of the fourth 
instar. In the other two species the gland is not 
apparent until late in the third stadium or early 
in the fourth when it appears as a slight swelling 
just in front of the base of the coxa. Growth of 
the gland is very gradual until about half of the 
fourth stadium has been passed. Then it is 
conspicuous for the first time and development is 
rapid until it becomes functional about 2 days 
before the larva enters the prepupal phase. The 
gland continues to enlarge after becoming func- 
tional and reaches its greatest size early in the 
prepupal phase, then decreases in size before 
pupation occurs. The gland is somewhat retrac- 
tile in minutus and turcicus and therefore subject 
to variation in form. 

A narrow midventral sclerotized strip occurs on 
the first abdominal segment of each species. This 
strip extends from near the base of the segment 
to just beyond the middle. It appears early in 
the development of the larva and becomes darker 
in color in each successive instar. The width 
and color vary among the three species. 

The anus is transverse and is located ventrally 
on the posterior portion of the eighth abdominal 
segment. It is bounded on both sides by a 
darkened sclerotized band which, with the an- 
terior margin of the ninth abdominal segment, 
encloses a shield-shaped membranous area. For 
convenience the sclerotized band enclosing the 
anus will be termed the circumanal sclerite. 

The ninth segment appears to consist entirely 
of the urogomphi made up of a basal portion 
articulated on each side and terminated by a pair 
of heavy prongs. The urogomphi are movable 
and are usually held in a slightly elevated position. 


KEY TO THE FOURTH-STAGE LARVAE OF 
CRYPTOLESTES INFESTING STORED 
PRODUCTS IN NORTH AMERICA 
Circumanal sclerite apparently incomplete; dis- 
tance between the tips of the prongs of the uro- 
gomphi usually greater than the length of each 
prong (figs. 1, 4) minutus 
Circumanal sclerite complete; distance between 
the tips of the prongs of the urogomphi usually 
less than the length of each prong 2 
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Median ventral strip of first thoracic segment dis- 
tinct, much darker in color than the general head 
capsule and nearly as dark in color as the hypo- 
pharyngeal rods; apex of silk gland located on 
the anterior lateral margin, apex and associated 
setae distinctly visible from dorsal view (figs. 2, 
Bre. ce ferrugineus 

Median ventral strip indistinct, only slightly darker 
in color than the general head capsule and not 
nearly as dark in color as the hypopharyngeal 
rods; silk gland developed entirely ventrally 
with the free apex extending away from the body 
and anteriorly, apex not visible from the dorsal 
view (fig. 3, 5) turcicus 


Cryptolestes ferrugineus (Stephans) 

Fourth-Stage Larva.—Form elongate, semide- 
pressed; head, caudal one-half of eighth segment, 
and urogomphi, shades of brown; remainder of 
body creamy white. Head broadest slightly 
behind the eyes, tapering to the base; setae 
scarce and inconspicuous, mostly around the 
mouthparts; mandibles bidentate with a distinct 
molar area; antenna three-segmented, first seg- 
ment broad and short, second and third subequal 
and more than twice as long as the first, each 
segment about one-half as broad as the preceding, 
third segment terminated by a long seta; ocellar 
group situated on the lateral margin behind the 
base of the antenna, usually formed into an in- 
complete ring open ventrally; frontal suture with 
a distinct fracture about halfway from the base; 
hypopharyngeal rod reaching the posterior mar- 
gin of the head. Thorax with the three segments 
about equal in length, broader than the head; 
dorsum of each segment with a long seta and 
several short setae near the lateral margins, 
lateral and ventral aspects of each segment with 
a few scattered setae; silk gland with its apex on 
the anterior lateral margin, apical setae conspicu- 
ous, apex of gland visible from dorsal view; mid- 
ventral strip of the first thoracic segment much 
darker in color than the general head capsule and 
nearly as dark in color as the hypopharyngeal 
rod. First segment of the abdomen one-third 
broader than the thorax, second segment slightly 
broader than the first, fourth broadest, and 
slightly broader than the third and fifth, sixth 
and seventh tapering gradually to the eighth, 
eighth one-third longer than the seventh and 
rapidly tapering to the base of the ninth which 
bears the urogomphi; segments 1 through 7 with 
a prominent dorsal seta near the posterior lateral 
margins, a pair of prominent setae on the lateral 
margins, and a single prominent ventral seta 
near the posterior lateral margin, otherwise these 
segments with a few less conspicuous setae 
mostly near the posterior margins; anus trans- 
verse; circumanal sclerite complete; urogomphi 
broadly articulated, prongs curving slightly in- 
ward, distance between the tips less than the 
length of each prong. Length, 3.5 to 4.5 mm 


Cryptolestes minutus (Olivier) 
Fourth-Stage Larva.—Differs from ferrugineus 
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in that the broadest portion of the head is near 
the middle; ocellar group usually closed in an 
irregular circle. Prothorax with the midventral 
strip intermediate in color between that of the 
general head capsule and the hypopharyngeal rod; 
apex of silk gland free, entirely ventral, apical 
setae small and inconspicuous, not ordinarily 
visible from the dorsal view. Circumanal sclerite 
apparently incomplete medially; urogomphi not 
as broadly articulated, prongs curving slightly 
outward, distance between the tips usually greater 
than the length of each prong. Length, 3.0 to 
+. mm. 


Cryptolestes turcicus (Grouville) 


Fourth-Stage Larva.—Head form as in minutus; 
ocellar group as in minutus. Silk gland ventral 
and free as in minutus, but larger at the same 
stage of development and tending to be closer to 
the median line, apical setae conspicuous and 
slightly curved; midventral strip much darker 
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in color than the general head capsule and 
nearly as dark in color as the hypopharyngeal 
rod. Circumanal sclerite complete as in_fer- 
rugineus but tending to be more angular; uro- 
gomphi broadly articulated as in ferrugineus, 
prongs curving inward, distance between the tips 
less than the length of each prong. Length, 3.5 
to 4.5 mm. 
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ABSTRACT 


Eggs of nine species of Aedes are described and illus- 
trated. Material treated includes A. aegypti, atropabpus, 
mitchellae, sollicitans, taeniorhynchus, cantator, atlanticus, 
infirmatus, and thibaulti. These descriptions, together 
with those of seven other Aedes by Horsfall and Craig 


New approaches to problems of classification, 
bionomics and control of aedine mosquitoes have 
been provided by the recent development of 
techniques for species identification based on 
external morphology of the egg stage. Craig 
and Horsfall (1956) outline some of the kinds of 
information which can be obtained from eggs of 
Nearctic species of Aedes and Psorophora. 


Structural characteristics of eggs provide sig- 
nificant information on the systematic relation- 
ships of aedine species (Craig 1956). In most 
cases, data from eggs confirm current systematic 


‘Most of this work was done while the senior author 
was at the Medical Research Directorate, Chemical 
Warfare Laboratories, Army Chemical Center, Mary- 
land. Part of the work was supported by a research 
grant from the U.S. Public Health Service. 

*Accepted for publication April 6, 1959. 


(1956) and descriptions of seven Psorophora by Horsfall 
et al. (1952) should allow specific identification of almost 
all aedine eggs which might be encountered in the south- 
eastern United States. Diagnostic features include size, 
shape, color, and details of chorionic sculpturing 


arrangements. However, in a few instances, new 
categories or subgeneric shifts are indicated. 
For example, most earlier authors considered that 
Aedes taeniorhynchus, sollicitans and mitchellae 
(see egg descriptions below), together with A. 
nigromaculis (see Craig 1956), should be included 
in Group A of the subgenus Ochlerotatus. On the 
other hand, Ross (1947) placed these species in a 
separate subgenus, Taeniorhynchus, on the basis 
of female genitalia. Pratt (1956) followed Ross 
in this respect. Evidence afforded by charac- 
teristics of eggs validates the subgeneric status 
of Taeniorhynchus. The sculpturing of the 
chorion and the shape of whole eggs of species in 
this group are similar and distinctive. Thev 
actually resemble some Finlaya more than Ochlero- 
tatus and the latter subgenus forms a much more 
uniform group if Group A is excluded 
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Recognition of eggs, when coupled with newer 
collection methods (Horsfall 1956), allows sani- 
tarians and ecologists to conduct surveys of 
distribution and abundance of floodwater mos- 
quitoes. Species of Aedes and Psorophora spend 
most of their lives in the egg. Therefore, surveys 
directed toward this dormant stage may be 
conducted during the fall and winter months 
when regulatory operations are inactive rather 
than during the short periods of larval or adult 
prevalence. At present, a number of organi- 
zations concerned with mosquito abatement are 
using data from egg surveys as a major factor in 
planning control activities. In the southeastern 
United States, investigators for the Tennessee 
Valley Authority make egg surveys to determine 
areas of maximum oviposition around the 
reservoirs and impounded waters. 

Although the taxonomy of anopheline eggs has 
been well ‘studied, eggs of culicine spec ies have not 
received similar attention. This is one of a series 
of papers dealing with descriptions and illustra- 
tions of the eggs of the Nearctic aedine mosquitoes. 
Horsfall et al. (1952) first showed that eggs of 
seven species of Psorophora could be segregated 
on the specific level. Craig (1956) described 
eggs of 35 out of about 63 Nearctic Aedes, in- 
cluding representatives of all Nearctic subgenera 
and six of the seven groups of the largest subgenus, 
Ochlerotatus. Six of the nine species described 
herein were treated in that work. In order to 
make descriptions more readily available to field 
workers and to add additional species as they 
become available, descriptions of eggs of Aedes 
are being published on a regional basis. Horsfall 
and Craig (1956) described eggs of seven species 
of Aedes characteristic of the central United 
States. The present work continues this regional 
treatment. Papers on western and_ northern 
species are contemplated. 

Approximately 20 species of 
teristic of the southeastern United States. 
of these are described herein, including Aedes 
aegypti, atropalpus, mitchellae, sollicitans, taenio- 
rhynchus, cantator, atlanticus, infirmatus and 
thibaulti. All of the species from Illinois described 
by Horsfall and Craig (1956) are also found in the 
southeastern states. These include Aedes vexans, 
dupreei, canadensis, trivittatus, triseriatus, stimu- 
lans and sticticus. Aedes cinereus was described 
by Craig (1956). Other forms which may be 
encountered in egg samples but which have not 
yet been described include Aedes fulvus pallens 
(not common), A. grossbecki (not common, egg 
probably resembles A. stimulans), A. tormentor 
(egg probably resembles A. atlanticus) and A. 
canadensis mathesoni (probably resembles A. 
canadensis canadensis). 


Aedes are charac- 


Nine 


METHODS 
Eggs of the nine species to be described were 
obtained from several sources including: (a) ovi- 
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positions on moist cellucotton by individual wild- 
caught females, (b) screenings of soil samples 
from field oviposition sites, (c) ovipositions in 
cage colonies by A. aegypti and A. atropalpus and 
(d) dissection of dried, gravid females from 
museum collections. Where identity of the 
ovipositing female was questionable, as in the 
case of the A. atlanticus-tormentor complex, eggs 
were hatched, larvae were reared to adulthood 
and positive identification was made on the basis 
of the male genitalia. Permanent collections of 
whole eggs are stored in 10 percent formalin. 
Cleared fragments of chorion are preserved on 
slides. Reference collections are deposited at the 
University of Notre Dame and the University of 
[]linois. 

Whole eggs are best identified by placing them 
in water over a nonreflective grey or black back- 
ground and illuminating with an intense, sharply 
focused beam of white light. A stereoscopic 
dissecting microscope at magnifications greater 
than 100 diameters will usually reveal characters 
sufficient for specific segregation. Important 
characters revealed by this optical system include 
the shape, size and color of the whole egg, the 
nature of the exochorion and the grosser aspects of 
chorionic sculpturing. The illustrations of whole 
eggs on plate I were made with this optical 
system 

Measurements and drawings were taken from 
camera lucida projections of whole eggs with 
developed embryos. At least 30 eggs were used 
to calculate each mean dimension. Care must 
be taken in interpretation of size and shape for 
diagnostic purposes. Woke (1955) showed that 
Aedes aegypti would produce malformed and dis- 
torted eggs if females were forced to retain their 
eggs in the oviduct due to absence of a suitable 
oviposition site. Eggs of Aedes vexans collected at 
field oviposition sites show remarkable variability 
with respect to size and shape. Infertile eggs are 
particularly susceptible to distortion. All mea- 
surements were made on eggs from several 
females representing a single population. Bio- 
metric studies on geographic variation in size are 
needed before mean dimensions can have much 
taxonomic significance. Laboratory studies on 
the effect of nutrition on egg formation might 
indicate a further source of variation in size. 

For positive identification, it may be necessary 
to examine finer details of chorionic sculpturing. 
The cellular reticulation of the chorion is pro- 
duced by the imprint of the cells which comprise 
the ovarian follicle of the mother. Certain 
details of sculpturing are characteristic for each 
species and show little intraspecific variation, in 
contrast to the characters acting by size and 
shape of whole eggs. Craig (1955) described the 
method of choice for preparation of the chorion 
for microscopic examination. Egg shells are 
bleached and softened with hydrochloric acid and 
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ot eggs of species of Aedes common in the Southeastern United States as 
Anterior end is to the right 
Scale along 
aegypti; FiG. 2, Aedes atropalpus; FiG. 3, Aedes mitcheblae; FiG. 4, Aedes soblicitans; F1G 


Lateral aspect 
through a stereoscopic dissecting microscope. 
except figs. 2, 5 with ventral surface toward top). 
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PLATE I 

seen in reflected light 
Dorsal surface toward top of page 

ventral surface of each egg is 300u. Fic. 1, Aedes 

5, Aedes taeniorhynchus; Fic. 


6, Aedes cantator; FiG. 7, Aedes atlanticus; FiG. 8, Aedes infirmatus; F1G. 9, Aedes thibaulti 


potassium chlorate. Shell fragments are then 


mounted flat as single sheets and viewed with the 


phase-contrast microscope. The photographs on 
plate II were made from such preparations. 


Grateful acknowledgement is due to the many 


workers who furnished specimens for this study. 


Names of collectors are indicated at the end of 


description. Eggs from sources marked 


WRH 


each 
GBC or 
authors 


were collected by one of the 


Aedes (Stegomyia) aegypti (Linnaeus, 1762) 
Pl. I, fig. 1; Pl. II, fig. 1-3 

Shape: Narrowly elongate ellipse; only slightly 
more crescentic ventrally than dorsallv; greatest 
diameter at middle; slightly greater taper an- 
teriorly, anterior pole more blunt 

Size: Length 5Slu-777yn, mean 6824+ Su; dor- 
soventral diameter 171u—-222u, mean 1954+3y 

Color: Variable, brown to black with faint 
purple sheen 
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Exochorion: Thick, translucent, adhesive, con- 
spicuous; highly indicative of chorionic reticula- 
tion; intracellular spaces of reticulation with 
large air bubbles dorsally, smaller and more 
numerous bubbles ventrally (see de Buck 1938). 

Chorion by reflected light: Reticulation incon- 
spicuous, often visible only on dorsal side, dif- 
fering markedly around circumference: dorsal 
cells only slightly longer than wide; ventral cells 
transversely elongate. 

Chorion by transmitted light: Dorsal cells hexa- 
gonal, centrally depressed, axiallv oriented in the 
long axis of the egg; lateral cells with partial 
transverse elongation, rhomboidal; ventral cells 
transversely elongated, fusiform; margins of cells 
raised and jagged; surface of cells profusely and 
minutely rugose. 

Remarks: The striking features of these eggs 
when mixed with others are (1) change in pattern 
of the reticulation around the circumference, (2) 
elliptical shape of the whole egg, (3) regular hex- 
agonal reticulation on the dorsal surface. The 
shape of cells is similar to A. atropalpus but the 
wrinkled surface serves to separate it from that 
species. No morphological variation was dis- 
covered in eggs from laboratory colonies which 
originated from field populations in North and 
South America, Asia, and Africa. 

Source: Fifteen laboratory strains from colo- 
nies which originated in various parts of the 
world including: Orlando, Fla. (C. N. Smith); 
Savannah, Ga. (H. F. Schoof); Trinidad, B. W. I. 
(R. W. Fay); Ilobi, Nigeria (R. Elliott); Newala, 
Tanganyika (J. D. Gillett); Saudi Arabia (P. C 
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C. Garnham); Klang Island, Malaya (W. W. 
Macdonald); Manila, Philippine Islands (L. 
LaMotte). Some of these colonies originated 
from recent field collections while others had 
been maintained in the laboratory for up to 30 
vears. 
Aedes (Finlaya) atropalpus (Coquillett, 1902) 
Pl. 1, fig. 2; Pl. II, fig. 4-6 


Shape: Narrowly elongate ellipse; dorsal side 
distinctly flattened; greatest diameter at anterior 
third; both poles blunt. 

Size: Length 443u-764u, mean 
dorsoventral diameter 158u-202u4, mean 
l4u. 

Color: 
cast. 

Exochorion: Very thick, translucent, 
spicuous, adhesive, difficult to remove. 

Chorion by reflected light: Reticulation promi- 
nent, always visible on entire egg, differing 
markedly around circumference; dorsal cells 
polygonal, only slightly longer than wide; ventral 
surface appearing transversely wrinkled. 

Chorion by transmitted light: Pattern of reticu- 
lation similar to A. aegypti; dorsal cells axially 
oriented in the long axis of the egg, hexagonal, 
deeply depressed in center; lateral cells with 
partial transverse elongation, rhomboidal; ventral 
cells transversely elongate, fusiform, irregular, 
difficult to discern except as ridges; margins of 
cells thick, strongly raised and tortuous on dor- 
sum, lower and straight on venter; surface of cells 
smooth, unmarked. 


63lu+=20nu; 
1S2u+ 


Light tan to dark brown with purple 


con- 


PLATE II 


Details of chorionic sculpturing of eggs of Aedes common in the Southeastern United States as photographed 
through a phase contrast microscope using high, dry objective and bright, medium phase contrast illumination. 


Anterior end is toward top of page. 


Figure Species 


. aegypti 

. aegypti 

. aegypti 

. atropal pus 

. atropalpus 

. atropalpus 

. mitchellae 

. mitchellae 

. soblicitans 

. Ssollicitans 

. taeniorhynchus 
. taeniorhynchus 
. cantator 

. cantator 

. atlanticus 

. atlanticus 

. infirmatus 

. infirmatus 

. thibaulti 

. thibaulti 


we el ll a a a 


Area of egg 


Median, dorsal aspect 
Median, lateral aspect 
Median, ventral aspect 
Median, dorsal aspect 
Median, lateral aspect 
Median, ventral aspect 

Near anterior pole 

Median 

Anterior third 

Median 

Anterior pole near micropyle 
Median 

Median, ventral aspect 
Median, dorsal aspect 
Anterior pole near micropyle 
Anterior third 

Anterior pole near micropyle 
Anterior third 

Anterior pole near micropyle 
Median 





Eggs of Floodwater Mosquitoes. VII PiateE II 
Craig and Horsfall 





16 Annals of the Entomological Society of America 


Remarks: The striking features of these eggs 
when mixed with others are (1) change in pattern 
around circumference, (2) very thick cell walls on 
dorsum. Although the pattern of the reticula- 
tion resembles A. aegypli, the smooth surface of 
the intracellular areas and the depth of the dorsal 
cells of atropalpus provide satisfactory characters 
for separation. 

Source: Baltimore Co., Md. (GBC); Harford 
Co., Md. (GBC); laboratory colony, National 
Institutes of Health (P. A. Woke). 


Aedes (Taeniorhynchus) mitchellae (Dyar, 1905) 
Pl. I, fig. 3; Pl. II, fig. 7-8 


Shape: Variable, elongate obovoid to broadly 
fusiform; ventral side broadly crescentic, dorsal 
side nearly straight to past middle third; similar 
to A. sollicitans. 

Size: Length 659u-S10u, mean 726u + 9y; dor- 
soventral diameter 184y—259u, mean 222u + 5y. 

Color: With exochorion intact, gravish cast; 
with exochorion removed, black and variably 
shiny 

Exochorion: Dhistinct, flaky, readily removed. 

Chorion by reflected light: Reticulation of low 
relief, indistinctly linear in the long axis of the 
egg, especially evident at the poles. 

Chorion by transmitted light: All cells two or 
more times as long as wide; each cell rectilinear, 
expanded as one or more small bud-like arms on 
each side; arms of each cell less than one-fourth 
as wide as lateral margin of entire cell; cells 
bounded laterally by nearly straight, raised mar- 
gins; surface of cells smooth to faintly pitted with 
indistinct, irregular discs. 

Remarks: The distinctive feature of these 
eggs when mixed with others is the linear ap- 
pearance of the reticulation of the chorion, evi- 
dent at the poles but obscure medially. These 
eggs are very similar to A. sollicitans and A. 
taeniorhynchus with respect to shape, size and 
color. They differ from sollicitans in the straighter 
lateral margins of the cells and from taenio- 
rhynchus in having cells with lateral rather than 
caudal arms 

Source: Clay Co., Fla. (GBC). 


Aedes (Taeniorhynchus) sollicitans 
(Walker, 1856) 
Pl. I, fig. 4; Pl. II, fig. 9-10 


Shape: Variable, elongate obovoid to broadly 
fusiform; ventral side broadly crescentic, dorsal 
side nearly straight from anterior pole to past 
middle third; both ends with similar taper, 
the anterior end sometimes appearing somewhat 
nipple-like; greatest diameter extending from 
midsection to anterior third. 

Size: Length 641u-786u, mean 729+ 17y; 
dorsoventral diameter 196u-264y, mean 221lu+ 
l4u (eggs from Kent Co., Del.). 

Color: With exochorion intact, grayish cast; 
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with exochorion removed, black and variably 
shiny, sometimes blue-black. 

Exochorion: Distinct, flaky, readily removed. 

Chorion by reflected light: Reticulation obscure 
or of low relief, composed of rounded cells, each 
of which is usually extended laterally as a bud-like 
arm on each side. 

Chorion by transmitted light: Cells near mid- 
section about as long as wide; cells near micropylar 
area somewhat longer than wide; cell margins 
sigmoid, slightly raised, without acute angles; 
bud-like lateral arms of each cell about one- 
third to one-fourth as wide as lateral margin of 
entire cell; surface of cells with minute, irregular 
furrows, appearing wrinkled but without 
punctation. 

Remarks: The distinctive feature of these 
eggs when mixed with others is the cellular struc- 
ture of the chorion as described above. These 
eggs are very similar to A. mitchellae and A. 
taeniorhynchus with respect to shape, size, and 
color. However, the cells of the chorion of sol- 
licitans are broader in relation to length than are 
those of the other species. The lateral position 
of the arms differs from faeniorhynchus and the 
area occupied by the arms is greater than in 
mitchellae. 

Source: 
Md. (GBC); Saline Co., Ill 
Co., Ga. (H. F. Schoof). 


Kent Co., Del. (GBC); Harford Co., 
(WRH); Chatham 


Aedes (Taeniorhynchus) taeniorhynchus 
(Wiedemann, 1821) 
Pl. I, fig. 5; Pl. IT, fig. 11-12 


Shape: Variable, elongate obovoid to broadly 
fusiform; ventral side broadly crescentic, dorsal 
side nearly straight; greatest diameter extending 
from midsection to anterior third; usually similar 
to A. sollicitans. 

Size: Length 641u-S04u, mean 7464+ 7y; dor- 
soventral diameter 205u—-264y, mean 235+ l5y 
eggs from Orange Co., Calif.). 

Color: With exochorion intact, grayish cast; 
with exochorion removed, black and variably 
shinv 

Exochorion: Distinct, flaky, readily removed 

Chorion by reflected light: Reticulation obscure 
or of low relief, linear in the long axis of the egg 

Chorion by transmitted light: All cells at least 
three times as long as width at middle; cells 
roundedly polygonal with caudal and occasionally 
lateral bud-like arms; caudal arms elongate, up 
to one-half as long as entire cell; boundaries of 
contiguous cells generally appearing as irregular, 
punctate or chain-like walls; surface of cells 
divided into irregular sections or discs. 

Remarks: The distinctive feature of these 
eggs when mixed with others is the linear ap- 
pearance of the reticulation caused by the peculiar 
shape of the cells. These eggs are very similar 
to A. sollicitans and A. mitchellae with respect to 
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shape, size, and color. They differ in having 
cells with caudal rather than lateral arms. 

Source: Orange Co., Calif. (J. G. Shanafelt); 
Chatham Co., Ga. (H. F. Schoof); Indian River 
Co., Fla. (GBC). 


Aedes (Ochlerotatus) cantator (Coquillett, 1903) 
Pl. I, fig. 6; Pl. II, fig. 13-14 

Shape: Narrowly fusiform; greatest diameter 
at anterior third 

Size: Length 623u-S37u4, mean 729u= 11h; 
dorsoventral diameter 18Su-230u; mean 206+ 
bu. 

Color: Dark brown to tan. 

Exochorion: Thin, variably adherent. 

Chorion by reflected light: Reticulation distinct 
over entire surface, composed of polygonal cells 
of variable size and shape; long axis of cells 
oriented around circumference; surface of cells 
covered by several small craters. 

Chorion by transmitted light: Cells transversely 
clongate, length about two times width, especially 
on dorsum; ventral cells with more irregular shape 
and arrangement; margins of cells composed of 
angular, raised, unbroken ridges; surface of cells 
divided into 6 to 12 rounded subdivisions sepa- 
rated bv slight elevations 

Remarks: Distinctive features of these eggs 
when mixed with others are (1) transverse 
orientation of the subdivided cells comprising the 
reticulation and (2) slender profile of the whole 
cpg. 

Source: 


Md. (GBC) 


Kent Co., Del. (GBC); Harford Co., 


Aedes (Ochlerotatus) atlanticus 
Dyar and Knab, '906 
Pi. I, fig. 7; Pl. Il, fig. 15-16 


Shape: Elongate, unequally fusiform; ventral 
profile arched in midsection and extending in 
straight or slightly incurved lines to both blunt 
ends; dorsal profile extending from slightly arched 
midsection to each end as straight lines, some- 
times appearing concave with a median convex 
swelling; lateral profile distinctly fusiform. 

Size: Length 918y-1037u, mean 97249; 
dorsoventral diameter 248u-335u, mean 28Sp = 5u. 

Color: Shiny blue-black. 

Exochorion: Thin, readily detached 

Chorion by reflected light: Anterior and 
terior fifths appearing coarsely sculptured with 
conspicuous, straight-sided, hexagonal cells; re- 
mainder of surface smooth or faintly reticulated. 

Chorion by transmitted light: Cells near micro- 
pyle quadrate to pentagonal, only slightly longer 
than wide, bounded by straight, uniformly 
raised ridges; cells of anterior and_ posterior 
fifths 2 to 4 times as long as wide, quadrangular, 
all cell margins straight, angular, unbroken, but 
some parallelogramatic cells having margins of 
shorter sides less conspicuously raised; pattern of 
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reticulation changing abruptly about one-fifth 
the distance medially from each pole, cells be- 
coming faint and irregular, some having lateral 
bud-like arms similar to A. sollicitans; median 
cells not distinguishable, cell margins becoming 
progressively more sinuate, irregular and less 
strongly raised toward middle. 

Remarks: Conspicuous features of these eggs 
when mixed with others are (1) extreme length 
(2) concave dorsal profile and (3) coarse reticu- . 
lation at each end. 

Source: Lauderdale Co., Ala. (WRH); Clay 
Co., Fla. (L. B. Alltop and D. L. Havden) 


Aedes (Ochlerotatus) infirmatus 
Dyar and Knab, 1906 
Pl. I, fig. 8; Pl. II, fig. 17-18 


Shape: Fusiform; greatest diameter near mid- 
dle; slightly more pointed posteriorly. 

Size: Length 659u-788yu, mean 7254+ 8u; dor- 
soventral diameter 227u—-259u, mean 243u+5y 

Color: Satiny black 

Exochorion: Thin, loosely adherent. 

Chorion by reflected light: Reticulation appear- 
ing as irregular, polygonal cells that are in low 
relief; pattern obscure medially 

Chorion by transmitted light: Celis near poles 
at least 2 times as long as wide, irregular shape; 
subterminal cells roundedly quadrangular, about 
1.5 to 2 times as long as wide, usually with lateral 
sides bearing a bud-like projection; cell margins 
composed of low, sigmoid ridges which may be 
indistinct medially; surface of cells divided into 
smooth discs of variable size. 

Remarks: The distinctive feature of these eggs 
when mixed with others is the fusiform shape. 
These eggs are very similar to Aedes trivitiatus 
(cf. Horsfall and Craig 1956), to the extent that 
positive separation may be difficult. Eggs of A. 
infirmatus are slightly larger (mean length of A. 
trivittatus = 6S86u+S8u, mean dorsoventral diame- 
ter=21llu+2yu) but the range of measurements 
overlap. The shape of A. infirmatus is less 
narrowly fusiform and more plump, as indicated 
by the ratio of mean length to mean dorsoventral 
diameter (A. infirmatus=2.98u, A. trivittatus = 
3.254). However, measurements of other popula- 
tions of these species are needed to verify this 
difference. The two species have similar patterns 
of chorionic reticulation. However, the lateral 
bud-like arms on cells of A. infirmatus are never 
separated from the main body of the cell, in 
contrast to A. trivittatus where the arms sometimes 
appear as small, separate cells. 

Source: Orange Co., Fla. (GBC). 

Aedes (Ochlerotatus) thibaulti 
Dyar and Knab, 1910 
Pl. I, fig. 9; Pl. II, fig. 19-20 


Shape: Narrowly obovate to trapezoidal; dor- 
sal profile almost straight; ventral profile sharply 
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curved on anterior quarter, gently crescentic on 
posterior three-quarters; greatest diameter at 
anterior quarter; both ends blunt. 

Size: Length 666yu-S04u, mean 706u=11y; 
dorsoventral diameter 196u to 273u, mean 223u= 
Oe 
Dull black. 

Exochorion: Thin, transparent, adherent. 

Chorion by reflected light: Anterior reticulation 
composed of pentagonal (less commonly hexag- 
onal) cells bounded by high, straight, conspicu- 
ous ridges; median and posterior reticulation less 
distinct, appearing as irregularly hexagonal cells 
bounded by lower, less conspicuous, undulating 
ridges; surface of each cell dominated by an 
enlarged median disc. 

Chorion by transmitted light: Anterior pen- 
tagonal cells with irregular orientation, slightly 
longer than wide; surface of anterior cells sub- 
divided into one or two large, central, circular 
discs surrounded by smaller, rounded subdivi- 
sions; walls of anterior cells heavy, straight or 
with slight irregularities; median hexagonal cells 
about as long as wide; surface of each median cell 
divided into 10 to 15 uniform, rounded to angular 
sections and one larger, central disc; walls of 
median cells of low, undulating ridges. 

Remarks: Distinctive features of these eggs 
when mixed with others are (1) the humped ap- 
pearance of the anterior ventral profile, (2) the 
heavy anterior reticulation of pentagonal cells 


Color: 
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and (3) the enlarged central disc on the surface 
of the cells. 
Source: 


Pulaski Co., Ill. (WRH). 
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AGROSOMA, A NEW GENUS FOR TETTIGONIA PULCHELLA GUERIN AND 
RELATED SPECIES (HOMOPTERA: CICADELLIDAE)' 


J. T. MEDLER? 


ABSTRACT 


A study of both wing patterns and male genitalia of 
numerous specimens from Mexico, Central America, and 
South America revealed a complex of 12 species in what 
has heretofore been considered Tettigonia pulchella Guérin. 
These constitute the new genus AGROSOMA, in which 
Tettigonia cruciata Signoret and 7. proxima Signoret are 
also included as valid species. New species are: A. 


For many years a common leafhopper in 
Mexico and Central America has been named in 
collections as Tettigonia pulchella Guérin 1829, 
recognized largely on the basis of its distinctive 
form and color pattern. There appears to have 
been little synonymy, as the original description 
was accompanied by a colored illustration. How- 
ever, earlier systematic workers knew that the 
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2Associate Professor in Agronomy and Entomology, 
University of Wisconsin, Madison. 


akenalis, 1. bispinella, 4. carinona, A. decepta, 
exukanis, A. glyphalis, A. placetis, A. syklis, and A 
terebra. Keys are given to males and to females. Each 
species is characterized by distribution records, illustra 
tions of wing pattern, and illustrations of diagnosti 
characters of the male internal genitalia. 


species varied considerably in color pattern, and 
Fowler (1900) illustrated a variety in addition to 
a “typical” form. 

It is well known to students of leafhoppers that 
many of the older descriptions are inadequate, 
and that progress in elucidating genera and 
species of leafhoppers is made at present by 
research on characters of the internal male 
genitalia. A study of the internal male genitalia 
of pulchella revealed a complex of species, and an 
apparently undescribed genus 
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of Michigan Museum of Zoology, the Iowa State 
College Department of Zoology and Entomology, 
and the Snow Entomological Museum of the 
University of Kansas. 

I wish to express my appreciation to the 
curators of the respective museums and to Dr. 
D. M. DeLong for their generous help in providing 
specimens. I am very grateful to Dr. Max 
Beier, Naturhistorisches Museum, Vienna, for 
the loan of the Signoret types. 


Agrosoma, new genus 

Tettigelline leafhoppers approximately 8 mm. 
long. Head nearly as wide as the pronotum, sub- 
conically produced, one-third as long as wide, 
the lateral frontal sutures extending over anterior 
margin of head to ocelli, which are near the disc 
of the crown, closer to eves than to each other. 
Crown, in profile, with slight depression between 
the ocelli, rounding to the strongly convex 
clypeus; clypellus strongly convex. Anterior 
margin of the crown with rugulose markings, 
which also extend in an even pattern along the 
lateral margins of the clypeus. Pronotum with 
lateral margins weakly carinate, posterior margin 
shallowly emarginate, surface shining, obscurely 
roughened along middle. Fcrewing longer than 
abdomen, pigmented in red, ivory-yellow, and 
black; venation obscure, central and outer 
anteapical cells long and nearly parallel-sided, 
approximately equal in length, appendix narrow, 
first apical cell almost entirely membranous, 
subhyaline. 

Female sternite VII as long as pygofer, strongly 
carinate along the middle, emarginate posteriorly 
in a distinct median tooth, which is cleft for a 
short distance at middle. Pygofers with apices 
divergent, exposing tip of ovipositor, and with 
spinelike setae along ventral margins. Male 
valve concealed, plates nearly as long as pygofer, 
broad at base, narrowed evenly to blunt tips; 
lateral margins with fine hairs. Pygofers strongly 
constricted near middle, then about equal in 
width to posterior apices. Connective Y-shaped, 
junction with aedeagus terminal, styles simple. 

Type of the genus: Tetligonia pulchella Guérin 

Distribution of the genus: Mexico, Central 
America, Colombia, Ecuador and Venezuela. 

The distinctive carina on the female VII seg- 
ment places this genus near Hordnia Oman (1949). 
There appears to be little affinity with Cardio- 
scarta Melichar, in which genus pulchella was 
placed by Melichar (1932: 285), along with 85 
other species of leafhoppers from Central and 
South America. Cicada fasciata Linnaeus was 
designated as the type of Cardioscarta by Melichar. 
According to Metcalf (1949), Cardioscarta fasciata 
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Melichar (1932: 300) and earlier authors, has 
been confused with Cicada quadrifasciata Lin- 
naeus (1767: 706). Metcalf synonymized Cardio- 
scarta Melichar with Poeciloscarta Stal 1869. 
The male and female genitalia of Poeciloscarta 
quadrifasciata Linnaeus, as illustrated by Metcalf 
(1949: 265), are different from those of ‘Agrosoma 
pulchella (Guérin), and the two species are not 
congeneric. 


KEY THE MALES OF AGROSOMA 


Ventral ae of the pygofer with a stout, heavily 
sclerotized spine ; 
Ventral margin of the py gofer without a prominent 
spine... 8 
Pygofer spine sick e- shaped.... 3 
Pygofer spine not sickle-shaped . 5 oars ee 
Style elongate, posterior part straight; forewing 
with black markings. ; .cruciata 
Style short, broad posteriorly and crescent- shaped; 
forewing without black markings. proxima 
Pygofer spine short, not more than five times 
longer than greatest width; forewing with black 
markings elongated along claval suture § 
Pygofer spine thickened and elongated; black 
markings of wing predominantly transverse.... 6 
Aedeagus short, beak-like .decepta 
Aedeagus elongate, the shaft deeply bifurcate at 
apex .glyphalis 
Pygofer about as broad as slong: pygofer spine angled 
dorsally, its margins roughened. terebra 
Pygofer much longer than broad; pygofer spine 
not abruptly angled, its margins smooth ze 
Aedeagus with long and narrow apical shaft, apex 
with antler-like bifurcation syklis 
Aedeagus with short shaft, apex shallowly notched 
bispinella 
Aedeagus, in lateral view, with apical part of shaft 
convex and strongly arched, the apex narrowly 
bifurcate and tips directed ventrally 9 
Aedeagus, in lateral view, with the apical pe art of 
shaft not strongly convex, the apex widely 
bifurcate and tips directed dorsally 10 
Posterior, basal processes of aedeagus slender, 
spine-like . placetis 
Posterior, basal processes of aedeagus thick and 
more than half as long as shaft exukanis 
Aedeagus with a pair of small, spine-like processes 
on posterior margin of shaft near basal angle. 
akenalis 
Shaft of aedeagus without posterior processes oes 
Aedeagus with posterior shaft long and narrow. 
pulchella 
Aedeagus with posterior shaft short, basal portion 
keel-shaped carinona 


KEY TO THE FEMALES OF AGROSOMA 
Forewing without black markings 
Forewing with black markings. . 
Black band on corium transverse, 
costal margin to claval suture 
Black band on anterior half of wing not extending 
to costal margin, elongate along claval suture. 
(Nayarit, Mex.) decepta; (Colima, Mex.) glyphalis 
Wing apex with red pigment transverse, extended 
broadly to costal margin, bordered with white 
on two sides only . 4 
Wing apex with red pigment circular, encircled 
completely or nearly so with white 6 
Anterior black cross-band broad, contiguous at 
claval suture (Central America) placetis 
Anterior black cross-band interrupted at claval 
suture, offset by width of a white band 5 


. proxima 
= 


extending from 
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FIG.| PULCHELLA 
CARINONA 


FIG. 5 PLACETIS FIG.6 EXUKANIS 


EXPLANATION OF PLATES I AND II 
Fics. 1-12.—Male genitalia of Agrosoma. A, lateral view of pygofer; B, lateral view of aedeagus; 
C, caudal view of aedeagus; D, dorso-ventral aspect of style. 
20 
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FIG. 8 GLYPHALIS 
FIG.7 DECEPTA 


Cc 
FIG.9 TEREBRA 


FIG. 10 BISPINELLA 


FIG. || PROXIMA FIG.12 CRUCIATA 
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Species complex in Mexico identified with certainty 
only by characters of the male genitalia 
pulchella, syklis, akenalis 
Species in Honduras and Guatemala carinona 
Anteapical red band deeply divided by black; red 
pigment areas darkened narrowly along edges 
exukanis 
Anteapical red pigment band not deeply divided 
by black 7 
Anterior black cross-band continuous across wing 
bispinella 
Anterior black cross-band interrupted in clavus 8 
Red pigment areas darkened narrowly along edges 
(Mexico) terebra 
Red pigment areas uniform (Panama, S. America) 
cruciata 


Agrosoma pulchella (Guérin), new combination 
Tettigonia pulchella Guérin 1829, plate 59, fig. 10. The 
priority of the species dates from this illustration; the 

original description did not appear until Guérin 1844: 

369. 

Tettigonia pulchella Walker 1851: 736; Signoret 1853: 360, 

pl. 11, fig. 11; Fowler 1900: 260, pl. 17, fig. 8. 

Cicadella pulchella, Osborn 1926: 207. 
Cardioscarta pulchella, Melichar 1932: 309. 

I have not located the type of pulchella. It 
may not exist. The insects described by Guérin 
are reported to be in the Univ. Mus. Neapel 
(Horn and Kahle 1935). An inquiry sent to the 
Instituto e Museo di Zoologia dell’Universita, 
Napoli, Italy, was not answered. 

In order to associate the name with a species, 
I hypothesized that the early collections of insects 
in Mexico were made on the east coast, probably 
in the vicinity of ports. Accordingly, a common 
species in the lowland of Veracruz State was 
selected as ‘“‘typical pulchella.”” In the event 
that Guérin’s types are located, and include a 
male, an examination of the internal genitalia will 
allow positive identification among the species 
that are illustrated. 

Male genitalia: Figure 1. The posteroventral 
margin of the pygofer may be thickened, but it is 
not developed into a spine. The aedeagus is long 
and slender, in lateral view obtusely angled, the 
basal part stouter and shorter than the apical 
shaft which terminates in a bifed antler-like 
process. 

Neotype: 
Mar. 1933, 


Male, Veracruz, Veracruz, Mexico, 
DeLong MB-397, in collection of 
J. T. Medler. Length: 8.5 mm. 

Distribution: Mexico. Numerous specimens 
examined from VERACRUZ (Acayucan, Alvarado, 
Catemaco, Coscomatepec, Jalapa, Jesus Carranza, 
Sta. Lucrecia, San Cristébal, Tezonapa, Tres 
Valles); TABAscOo (Teapa); OAXACA (La Ventosa, 
Suchilapa, Tuxtepec); CoL_ma (Colima). 


Agrosoma carinona, new species 
The species is closely related to pulchella, but it 
has different distribution and different characters 
of the male genitalia. 
Male genitalia: Figure 2. The aedeagus is 
similar in form to that of pulchella but the basal 
part is longer in proportion to the apical shaft, 
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and in lateral view is decidedly keel-shaped 
The posteroventral margin of the pvgofer is 
thickened. 

Type: Male, La Ceiba, Honduras, 1.20.17, 
F. J. Dyer Col. No. 22580, 22649, in the United 
States National Museum. Length: 8.5 mm. 
Paratvpes: Specimens from La Ceiba, Honduras, 
in collections of American Museum of Natural: 
History (9c'o", 102 2), California Academy of 
Sciences (1o’, 19), D. M. DeLong (1c, 19), 
Iowa State College (1c, 19), J. T. Medler (1c, 
19), United States National Museum (1907, 
202 2), and the University of Kansas (107, 1 9). 

Distribution: GUATEMALA (Coban, Gualan, 
Los Amates, Plancha de Piedra, Secanquin 
Sepacuita); British HONDURAS; HONDURAS 
Dutuville, La Ceiba, Lancetilla, San Francisco 
Yojoa, Tegucigalpa, Tela, Trujillo) 


Agrosoma syklis, new species 

The species closely resembles pulchella, but 
characters of the male genitalia are different. 

Male genitalia: Figure 3. The spine on the 
posteroventral margin of the pygofer is long and 
slender, and directed toward the apex of the 
pvgofer. The aedeagus is similar to that of 
pulchella, but there is a bifid process where the 
relatively long and slender apical shaft angles 
into the thickened basal portion of the aedeagus 

Type: Male, 5 miles north Tamazunchale, 
Mexico, XII—22-48, E. S. Ross, in the California 
Academy of Sciences. Length: 9.5mm. _ Para- 
types: Specimens from Tamazunchale, San Luis 
Potosi, Mexico, in collections of American Mu- 
seum of Natural History (50’'c’, 39 9), Cali- 
fornia Academy of Sciences (l4c°%o’, 129 92), 
D. M. DeLong (7c'c’, 29 9), J. T. Medler 
(1d, 12), United States National Museum (107, 
192), University of Kansas (1c, 19) and Uni- 
versity of Michigan (507). 

Distribution: Mexico. Numerous specimens 
examined from VERACRUZ (Banderillas, Jalapa, 
Poza Rica, San Rafael! Jicaltepec, Tajin, Tampico, 
Tlapacovan); SAN Luts Potosi (El Salto, Padilla, 
Picolco, Tamazunchale, Valles, Xilitla); TAMAU- 
LIPAS (El Mante, Llera, Victoria); PUEBLA 
(Nacaxa, Puebla); Oaxaca (Oaxaca); Morelos 
(Jiutepec) 


Agrosoma akenalis, new species 


The species closely resembles pilchella, but is 
separated by different characters of the male 
genitalia 

Male genitalia: Figure 4. The posteroventral 
margin of the pygofer is thickened, but not de- 
veloped into a spine. The aedeagus is of the 
pulchella type, but the basal part is longer in 
proportion to the apical shaft. A pair of small, 
but distinct, pointed processes are on the apical 
shaft of the aedeagus, arising from the posterior 


margin 
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EXPLANATION OF PLATE III 


Fics. 1-12.—Wing pattern of Agrosoma females. FiG. 1, pulchella; FiG. 2, carinona; FiG. 3, syklis; Fic. 4, akenatlis; 


Fic. 5, placetis; Fig. 6, exukanis: FiG. 7, decepta; Fic. 8, glyphalis; Fic. 9, te ra: Fic. 10, bispinella: FiG. 11, proxtma 
. . As". / 
Fic. 12, cruciata. 
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Type: Male, Fortin, Vera., Mex. 10-11-45; 
Shaw, DeLong, Hershberger; in the DeLong Col- 
lection. Length: 9mm. Paratypes: Specimens 
from Fortin and Orizaba, Veracruz, Mexico, in 
collections of American Museum of Natural 
History, (lo’, 29 2), California Academy of 
Sciences (1o’, 19), D. M. DeLong (6c0'¢, 
49 9), Iowa State College (3077, 22 2), J. T. 
Medler (1o”, 1 2), and the United States National 
Museum (107, 19). 

Distribution: Mexico. 
Cérdoba, Fortin, Jalapa, 
Veracruz); Dist. FEDERAL; 
Tuxtepec) GUATEMALA (Izabal, 
Host: Cacao, according to label. 


VERACRUZ (Coatepec, 
Orizaba, Tezonapa, 
Oaxaca (Millan, 
Secanquin). 


Agrosoma placetis, new species 


The species superficially resembles pulchella but 
the black markings of the wing are broader. The 
aedeagus is distinctive. 

Male genitalia: Figure 5. The ventral mar- 
gin of the pygofer is uniform, and neither spined 
nor thickened. The aedeagus is somewhat bulb- 
ous basally, then narrowed into a slender shaft 
that is curved convexly, bifid apically. Long 
and narrow paired processes directed posteriorly 
arise from the base of the aedeagus. 

Type: Male, vicinity Boquete, Panama, VIII 
39. J. R. Slevin Col., in the California Academy 
of Sciences. Length: 8.5mm. Paratypes: Speci- 
mens*from Boquete, Panama, in American Mu- 
seum of Natural History (lo, 19), California 
Academy of Sciences (50°, OB he 
Medler (1c, 


29 
19°), and United States National 
Museum (1). 

Distribution: Costa Rica (Chitaria, Higuito, 
San Mateo, Navarro, Pacayas, San Carlos, San 
José, Turrialba, Ujarras); GUATEMALA (Los 
Amates, Secanquin); NICARAGUA (Chontales, 
Masatepe); PANAMA (Boquete, V. de Chinqui, 
2-3000 ft.). Hosts: beans, sunflower, according 
to labels. 


Agrosoma exukanis, new species 


The species has a distinctive wing pattern that 
superficially resembles that of glvphalis, but the 
aedeagus is different, and closely related to 
placetis. 

Male genitalia: Figure 6 
gin of the pygofer is uniform. The aedeagus is 
convexly curved and bifid apically. A pair of 
thickened, elongated processes arising from the 
basal portion of the aedeagus are directed 
posteriorly. 

Type: Male, 15 mi.S.2mi.E. La Trinitaria, 
Chiap. VII-27-54, Alcorn, in the University of 
Kansas Snow Museum. Length: 8.5 mm. 
Paratypes: Specimens from La Trinitaria, Chia- 
pas, Mexico, in collections of the American Mu- 
seum of Natural History (lo, 19), California 
Academy of Sciences (1c, 192), J. T. 


The ventral mar- 
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(lo, 12) United States National Museum 
(1d, 19), and University of Kansas (3070, 
599). Also, two females, Mexico, in the 
Signoret collection, Vienna Museum, det. bv 
Signoret as proxima 


Agrosoma decepta, new species 

The species has a wing pattern that is unusual 
in the elongated black markings along the claval 
suture (also present in glyphalis). The aedeagus 
has distinctive characters that enable ready 
recognition of the species. 

Maile genitalia: Figure 7. The pygofer has a 
short, thick spine on the posteroventral margin 
The aedeagus in lateral view has a_beak-like 
apical process. 

Type: Male, 10 mi. S. Santiago Ixcuintla, 
Nay., Mex. 100’, 5-15-49, G. M. Bradt Collector, 
in the American Museum of Natural History. 
Length: 8.25 mn. Paratypes: Specimens from 
Santiago Ixcuintla, Navarit, Mexico, in collec- 
tions of American Museum of Natural History, 
(30°, 99 2), California Academy of Sciences 
(19), J. T. Medler (1c, 19), and United States 
National Museum (12). Also, one female, Las 
Varas, Nayarit, Mexico, in the American Museum 
of Natural History. 


Agrosoma glyphalis, new species 
Tettigonia pulchella var. proxima, Fowler 1900: 260, pl 

17, fig. 9. (Not proxima Signoret 1853.) 

The species has a very distinctive wing pattern 
The anterior black markings are developed 
lengthwise along the claval suture instead of 
crosswise. The wing markings are similar to 
those of decepta n. sp., but the two species are 
separated by characters of the aedeagus. 

Male genitalia: Figure 8. The posteroventral 
margin of the pygofer has a short, heavy spine 
The shaft of the aedeagus is bifurcate at the 
apex. A pair of small processes arises on the 
posterior margin of the shaft near where the 
shaft angles obtusely into the basal part of the 
aedeagus. 

Type: Female, Mexico, Coll. Signoret, in 
the Vienna Museum. Length: 8.5 mm. Para- 
types: Specimens from Armeria, State of Colima, 
Mexico, in the American Museum of Natural 
History (lo’, 292 2), and the United States 
National Museum (1 2 ) 

This species seems to be collected rarely, as 
only the above specimens are known to me 


Agrosoma terebra, new species 

The species is superficially similar to exukanis 
but the wing markings are different and the 
characters of the male genitalia are distinctive. 

Male genitalia: Figure 9. The heavy, up- 
curved, finger-like process of the pygofer is 
unique among the species of the genus. The 
aedeagus has an elongated shaft, deeplv bifurcate 
apically. 
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Type: Male, Acapulco, Mexico, I1V-3-32, M. 
Willows, Jr., Collector, in the California Academy 
of Sciences. Length: 8.25 mm. Paratyvpes: Speci- 
mens from State of Guerrero, Mexico (Acapulco, 
Tierra Colorada, Xaltianguis) in collections of 
American Museum of Natural History (17, 19), 
California Academy of Sciences (1a, 49 92), 
D. M. DeLong (50'c, 102 2), J. T. Medler 
(lo, 19), United States National Museum (107, 
19), and University of Kansas (107, 19). 

Distribution: Mexico. GUERRERO (Acapulco, 
Tierra Colorada, Xaltianguis); Oaxaca (Tehuan- 
tepec); Dist. FEDERAL (San Jacinto). Host: 
Sesame, according to label data. 


Agrosoma bispinella, new species 

This species resembles cruciata in external 
appearance, but it can be identified as distinct by 
characters of the male genitalia. 

Male genitalia: Figure 10. The ventral mar- 
gin of the pygofer has a heavy, elongated spine, 
which extends nearly to the apex of the pvygofer. 
The aedeagus has a short terminal shaft which is 
notched apically. The pygofers are distinctly 
constricted near the middle where the spine 
originates on the ventral margin, and the apical 
parts are appressed. 

Type: Male, Antigua, Guate., 5000 ft., VITJ 
16-1947, F. Johnson Donor, Cols. C. & P. Vaurie, 
in the American Museum of Natural History. 
Length: 9.5mm. Paratypes: Specimens from 
Antigua, Guatemala, in collections of American 
Museum of Natural Historv (2100), California 
Academy of Sciences (17), D. M. DeLong (1%), 
Iowa State College (47, 29 9), J. T. Medler 
(20'o', 19), United States Nationa! Museum 
(29'o', 192), and Universitv of Kansas (107). 

Distribution: GUATEMALA: Antigua 5000 ft., 
Avutla, Capetillo 5000 ft., Chocola, Coban, 
Concepcién 1400 ft., El Cipres 3000 ft., Escuintla, 
Guatemala City, Ingenio R. R. Station, La 
Providencia Obispo, Los Cerritos, Moca 3000 ft., 
Olas de Moka 3000 ft., Reunién 4000 ft., Santa 
Lucia, San José, Tiquisate 2600 ft., Tucuru 1600 
ft., Variedades 500 ft., Yepacopa. Costa RIca: 
Alajuela, Cascajal, Covolar, Higuito San Mateo, 
San José. Ex SALvapor: San Andrés, San 
Jacinto, San Salvador. HonpuraAs: Copan, 
Dept. Morazian (Escuela Agricola Panamericana, 
Zamorano 2600 ft.), Olanchito, San Pedro, 
Tegucigalpa. Mtxico: Tejupilco, Temescaltepec 
Collected during all months of the vear. Hosts: 
beans, Lantana camara, acccording to labels. 


Agrosoma proxima (Signoret), new combination 


Tettigonia proxima Signoret 1853: 361, pl. 11, fig. 12. 


Cardioscarta pulchella, Melichar 1932: 310, in part. 

The original description of this species gave the 
locality as “‘La Guaira.’’ I believe that Signoret 
lapsed in recording this localitv. In the Vienna 
Museum are four female specimens each labeled 
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Coll. Signoret’” and ‘‘proxima det. 
Signoret.’’ Three distinct species are represented 
among the four specimens. One specimen agrees 
with the original description of Signoret, which 
states that the species differs from pulchella in the 
absence of black spots on the elytra. This speci 
men is labeled ‘‘v. proxima det. Fowler’’. Another 
specimen also labeled ‘‘v. proxima det Fowler” 
was obviously used for the figure in the Biologia 
Centrali-Americana, Fowler 1900, plate 17, fig. 
9. The remaining two specimens are exukanis 
new species. 

I believe that Fowler erred in his selection of 
the specimen he used for his illustration, as it 
does not agree with either the description or the 
illustration of proxima Signoret. The specimen 
figured by Fowler as proxima has been selected 
as the tvpe of glyphalis new species. 

I have designated the specimen in the Vienna 
Museum that agrees with Signoret’s original 
description and figure as the lectotvpe of proxima. 
Length: 9 mm. 

Male genitalia: Figure 11. The prominent 
sickle-shaped hook arising from the ventral mar- 
gin of the pygofer is similar to that of cruciata. 
The aedeagus has two smal! processes on the 
posterior margin. A distinctive character is 
the shortened, broadly curved stvle, unique in 
the genus. 

Distribution: GUATEMALA (Avutla, E] Rancho 
900 ft., Los Amates, Tegucigalpa, Tiquisate); Eu 
SALVADOR (San Andrés, San Miguel); HONDURAS 
(Copan, La Ceiba, Kio Sico, Zamorano 2600 ft.) 


‘Mexico 


Agrosoma cruciata (Signoret), new combination 
Tettigonia cruciata Signoret 1853: 361, pl. 11, fig. 13. 
Cardioscarta pulchella, Melichar 1932: 310, in part. 

The original description apparently was based 
on a male and female from ‘‘La Guairo.”” In the 
Vienna Museum are two males ‘‘Laguaira Coll. 
Signoret”’ and one female ‘‘Bogata Coll. Signoret.”’ 
These three specimens are labelled ‘“‘cruciata det. 
Signoret’”’. One of the above males has a wing pat- 
tern closely resembling Signoret’s figure, and I have 
selected it as the lectotvpe. Length: 8.25 mm. 
The genital capsule of both male specimens was 
cleared and the aedeagus examined. The promi- 
nent ‘cross’? markings mentioned by Signoret 
are variable, and many specimens would not be 
recognized by wing pattern alone, especially in 
Panama 

Male genitalia: Figure 12. The prominent 
sickle-shaped hook on the ventral margin of the 
pvgofer is distinctive, and closely resembles the 
hook of a similar shape in proxima. The styles 
of the two species are different, those of cruciata 
being straight posteriorly. The posterior proc- 
esses of the aedeagus are enlarged in cruciata, 
and expanded apically. In some males the tip 
of the pygofer spine protrudes from the genital 
capsule, thus enabling recognition of the species 
without dissection. The development of the 
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pygofer hook is accompanied by a constriction 
near the middle of the pvgofer. 

Distribution: The species is common in Panama 
and adjacent parts of South America. Numerous 
specimens examined from CoLomBiA (Bogota, 
Buenaventura, Puerto Salgar, Valdivia, Villeta 
in Cundinamarca, 860 m.); Costa Rica; ECUADOR 
(E. Quevedo, Los Rios, 1000 m., Santo Domingo 
de los Colorados); PANAMA (Buena Ventura, 
Canal Zone, Chagres River, Port Armuelles, 
Porto Bello); VENEZUELA (Cent. Lucinda in 
Yaracuy, La Guaira, San Esteban). Hosts: 
Vigna sinensis, Kudzu, Solanaceae, according to 
labels. 

WING PATTERNS (PLATE III) 

The different patterns of black, red, and ivory 
or yellow markings on the forewing of A grosoma, 
which were considered by earlier workers as 
variations of pulchella, can be used to determine 
the females of several species in the genus. It is 
best to not depend upon wing pattern, but to 
study the internal male genitalia, if males are 
available. In proxima (fig. 11) the black mark- 
ings have been lost. All other species have a 
black bar across the anterior part of the wing 
that is offset at the claval suture, except decepta 
(fig. 7) and glyphalis (fig. 8). In these two 
species the black marking has developed length- 
wise of the wing along the claval suture. In 
exukanis (fig. 6) and terebra (fig. 9) the orange- 
red pigment areas have prominent, darkened 
borders and the apical spot is completely encircled 
with white. Usually, cruciata (fig. 12) can be 
recognized because the anterior black bar in the 
clavus does not reach the claval suture. This, 
along with a constriction of the next posterior 
black bar, is responsible for the cross-pattern 
mentioned by Signoret in describing the species. 
However, specimens may have the black band 
very prominent, and cruciata may be confused 
with placetis (fig. 5), and bispinella (fig. 10) where 
distributions overlap. Usually, dispinella is more 
robust and has more prominent apical and ante- 
apical red pigment areas. The remaining species 
each have the apical red pigment area transverse 
and extended to the costal margin. The red band 
is bordered laterally with ivory-white. Among 
these species, placetis (fig. 5) is most heavily 
marked with black, and often the anterior black 
band is widened so that the offset at the claval 
suture is not complete. The black markings are 


[Vol. 53 


usually reduced in akenalis (fig. 4) to the extent 
that the cross band in the corium does not reach 
the claval suture. It is difficult to separate 
pulchella (fig. 1), carinona (fig. 2) and syklis 
(fig. 3) on wing pattern alone, and these species 
are best distinguished by their distribution and 
characters of the male genitalia. 


THE STATUS OF Tettigonia pulchella (FOWLER) 

Through the courtesy of the British Museum 
(Natural History), seven specimens listed in the 
Biologia Centrali-Americana as Tettigonia pulchella 
Guérin, determined by Fowler, were examined. 
Four species were represented, as follows: A. 
pulchella—Teapa, Tabasco (H.H.S.); A. akenalis 
Veracruz (H.H.S.); A. placetis—Costa Rica (Van 
Patten); A. cruciata—Bugaba (Champion). As 
Fowler had loans from several European Mu- 
seums, other specimens should be re-examined to 
ascertain the correct identity of the Biologia 
material 
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CAMINELLA PERAPHORA, A NEW GENUS AND SPECIES OF MITE 
FROM OREGON (ACARINA: TRACHYTIDAE)' 


G. W. 


KRANTZ? ano B. 


D. AINSCOUGH# 


ABSTRACT 


The authors base a new trachytid subfamily Caminel- 
linae on the new genus Caminella, type C. peraphora, 
and give a key to the families and subfamilies of the 


The superfamily Trachytoidea Tragardh 1937 
has been characterized by ,Camin and Gorirossi 
(1955) as follows: ‘‘Epigynial shield hinged to 
or fused with ventral shield. _Metasternal shields 
free, elongate or reduced, lateral to epigynial 
shield. Sternal shield independent or forming 
perigenital ring with ventral shield. Base of 
tritosternum broad, unconcealed; two lacinae or 
a single tree-like, branched lacina. Stigmata 
between coxae III and IV or opposite coxae ITI. 
A large anterior and a small posterior dorsal 
shield, plus marginal platelets or shields; anterior 
shield with longitudinal, median furrow; dorsal 
shields with adherent nymphal exuviae. No 
camerostome or foveolae pedales.’”’ The absence 
of peritreme-bearing humeral projections is a 
character which also has been attributed to the 
superfamily. 

The mite to be described below agrees with the 
above diagnosis in all but one feature—it possesses 
pronounced peritreme-bearing humeral projec- 
tions. In this respect it is similar to members of 
the Uropodoidea, more specifically to the Pro- 
dinyvchidae-Eutrachytidae complex. While hum- 
eral projections have not heretofore been observed 
in the Trachytoidea, lateral peritreme-bearing 
protuberances have been seen in both the Poly- 
aspidae and Trachytidae. These protuberances, 
however, rarely are pronounced and usually are 
not located humerally. Lack of knowledge of 
the derivation and function of these structures 
prevents the assumption of homologies at present. 

Although the undescribed genus possesses 
characters of both the Trachytoidea and Uro- 
podoidea, its affinities lie primarily with the 
trachytoids. Tentatively, therefore, it is herein 
considered to be a member of the Trachytoidea, 
as revised to include the character of the presence 
or absence of pronounced humeral projections. 
The lack of a fused palpal tibia-tarsus: and peri- 
genital rim on the mite to be described precludes 
its placement with the family Polyaspidae. The 


‘Technical Paper No. 1216, Oregon Agricultural 


Experiment Station. Accepted for publication April 17, 
1959. 

*Assistant Professor of Entomology, Oregon State 
College, Corvallis. 

3Research Assistant, Department 
Oregon State College, Corvallis. 


of Entomology, 


27 


Trachytoidea. A_ sac-like structure found on female 
specimens is described and its possible role in reproduction 
discussed. 


genus is, therefore, placed in the family Trachy- 
tidae, as revised below. 


Family Trachytidae Tragardh 1937 

Metasternal setae laterad of genital aperture; 
inserted on narrow elongate or small rounded 
metasternal plates. Dorsal marginal plates fused 
or divided into platelets. Perigenital rim absent. 
Male genital aperture between coxae II-IV or 
between coxae IV; closed by two plates, the 
more anterior being larger than the posterior 
plate. Anus on a posterior protuberance, flanked 
by two pairs of adanal setae; postanal seta 
present. Tritosternal base broad-oblong, with 
two lacinae which may be branched. Fixed 
cheliceral digit subequal to or longer than movable 
digit. Corniculi short, usually equilateral, not 
more than twice as long as broad; never long and 
blade-like. Palpal tibia and tarsus distinctly 
articulated; with two tines on palpal claw. Legs 
usually without fimbriate growths; legs I with or 
without claws. Humeral projections present or 
absent. 

Johnston (in press) considers the Trachytidae 
as consisting of two subfamilies, the Trachytinae 
Tragardh 1937 and the Discourellinae Baker and 
Wharton 1952, the latter group being redefined 
by him as a monogeneric entity. On the basis 
of his diagnoses, the new genus appears to repre- 
sent a group distinct from both subfamilies. 


CAMINELLINAE, new subfamily 


Epigynial plate trapezoidal; between and _ be- 
hind coxae IV. Vertex setae absent. Marginal 
setae fragmented platelets. Male genital 
aperture between coxae IV. Sternal-endopodal 
and parapodal plates continuous between coxae 
I and II. Metasternal plates narrow, elongate. 
Ventral opisthosomal plates fused. _Humeral pro- 
jections present. Legs I without claws. 


on 


Caminella* new genus 
With the characters of the subfamily. Cheli- 
cerae with subequal digits. Legs smooth, with- 
out fimbriations. Dorsal plate of male with a 


‘Named in honor of Dr. Joseph H. Camin, University 
of Kansas, Lawrence. 
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pronounced posteromedial hump; posterior dorsal 
plate lacking. Femur II of male without spur. 


Caminella peraphora n. sp.” 

FEMALE (figs. 1, 3, 10) Mean length of idio- 
soma = 6274+ 1l5u; mean width of idiosoma at 
level of coxae IV = 349u = 10x. 

Tritosternum biramous throughout its length; 
lacinae variously branched distally, each lacina 
with a terminal filament of a length exceeding 
that of the lacina proper; tritosternal base more 
than four times wider than long, not covered by 
coxae I. Hypostome (fig. 13) with long whip-like 
proximal and distal setae; median setae less than 
half the length of proximals; corniculi broad, 
somewhat elongate, reaching to proximal aspect 
of palpal femur; epipharynx long, tongue-like, 
spinose; hypostomal processes tapered distally, 
spinose lateroventrally. Chelicerae (fig. 9) with 
subequal digits, toothed distally. Palps (fig. 13) 
each with two large ventral spines on trochanter. 
Sternal plate heavily sculptured, extending pos- 
teriorly to a point opposite coxae IV. Sternal 
setae I on anterior rim of sternal plate, slightly 
mediad of lateral edges of tritosternal base; with 
a pair of lyriform pores posterior to and laterad 
of sternal setae I; sternal setae II and III in 
unsculptured areas opposite coxae II and III 
respectively, directly behind lvriform pores. 
With a fourth pair of sternal setae (pseudo- 
sternals’) mediad and posterior to sternal setae 
III. Epigynial plate (fig. 10) sculptured, its 
broadly rounded anterior border opposite the 
anterior edge of coxae IV; subquadrate in shape, 
truncated and hinged posteriorly; anteriorly with 
a transpare < lobe which, when expanded, covers 
the anteromedian portion of the plate proper, as 
well as the posteromedian portion of the sternal 
plate. With a broad sclerotized perigenital ridge 
beneath the anterior rim of the plate proper, its 
lateral extensions each bearing a long seta and 
forming an external arch which fuses behind 
coxae IV with the posterior extensions of a second 
sclerotized bar (peritrematal ridge), which ex- 
tends laterad of the coxae. Metasternal plates 
elongate, narrow, their posterior extensions usu- 
ally covered by posterolateral lobes of the 
epigynial plate; each with a metasternal seta. 
Ventral region relatively unsculptured; with 
anterolateral (sensory’) areas posterior to and 
laterad of epigynial plate, each bearing three 
long, whip-like setae. With two pairs of medial 
ventral setae, the most anterior pair in a striated 
integumental fold immediately posterior to the 
hinge of the epigynial plate; ventral setae II 
posterior to and somewhat laterad of ventral 
setae I; with two pairs of posterior ventral setae 
laterad of anal area. Anus at posterior end of a 
pronounced unsculptured anal _ protuberance; 
flanked by two pairs of setae, with the anterior 


®‘The specific name is derived from the Greek words 
pera, a pouch, and phorein, to bear or carry. 


pair on a line with the anterior rim of the anus. 
Stigmata (fig. 12) at level of coxae III; peritremes 
extending from stigmata anteriorly to level of 
coxae II; anterior end of peritreme recurved 
mediad and borne on a pronounced humeral 
projection. Peritrematal ridge arising at humeral 
projection and extending posteroventrally to a 
point behind coxae IV. Vertex (fig. 5) rounded 
and crenulate anteriorly, without setae; delimited 
posteriorly by a heavily sclerotized ridge formed 
through fusion of the peritrematal plates and 
bearing three pairs of setae (P1—P3). Peritre- 
matal areas anterior to stigmata with seven 
pairs of setae (PI—P7), including the three pairs 
of setae mentioned above. Tectum (fig. 6) with 
two pairs of lateral and one pair of distal spurs; 
distal portion capable of slight extrusion; with a 
long central extension distally, approximately the 
width of the area between the distal spurs at its 
base; proximal portion of extension smooth, distal 
portion tapered, spinose, and with a terminal, 
usually biramous, appendage. Dorsal plate (fig. 
3) divided, strongly areolate; anterior dorsal plate 
covering most of the dorsum and continuous with 
fused peritrematal areas; anterolateral angles 
slightly produced; with four pairs of lateral setae 
(L1—L4), arranged linearly and following anterc- 
lateral rim of dorsal plate; L1 mediad of and 
somewhat anterior to points of fusion of peritre- 
matal and dorsal plates, separated by an interval 
slightly greater than the lengths of the setae 
themselves; setae L4 on anterolateral angles. 
With a median longitudinal ridge arising at the 
level of coxae II and extending almost to posterior 
edge of the plate (fig. 16); somewhat higher 
posteriorly than anteriorly and with a shallow 
central depression in which six pairs of setae are 
inserted (D1I-D6); with an additional pair of 
setae laterad of D6 and the median ridge; dorsal 
setae on large insertions, each with associated 
pores; with a series of shallow depressions repre- 
senting areas of muscle insertion laterad of D1 
D2. Posterior dorsal plate wider than long, 
separated from anterior plate by a narrow strip 
of integument; without setae. With 17 to 21 
lateral and posterior marginal platelets, each bear- 
ing a seta and one or two associated pores; 
posterior marginal setae longer than dorsal setae; 
with a number of small pores interspersed around 
the marginal platelets in the integument. Legs 
without fimbriations; leg I narrower than legs 
II-IV and terminating in a number of setae, one 
of which is the length of tarsus I; with a terminal, 
recurved spatulate seta, approximately one-third 
as long as tarsus; empodia of legs II-IV (figs. 7, 8) 
each composed of two hyaline elements which are 
distally biramous and tapered for somewhat more 
than half their lengths, dorsal element thickened 
proximally; pretarsi II-IV each with a pair of 
thick laterodistal hyaline processes, sharply 
acuminate distally and surpassing the claws by 
more than one-half their own lengths. 
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Caminella peraphora, a New Mite 


Caminella peraphora new species 


Fic. 1. 
Fic. 2 


MALE (figs. 2, 4) Mean length of idiosoma= 
976u+11lu; mean width of idosoma at level of 
coxae [1V=364u+7y. Similar to female except 
for the following: sternal plate fused poste- 
riorly with the ventral, metapodal, and anal 
plates, forming a continuously sclerotized venter; 
sternal setae II mediad of lyriform pores; fourth 
pair of sternal setae laterad of sternal setae ITI. 
Median dorsal ridge strongly elevated posteriorly 
(fig. 17). Genital aperture elliptical in shape, 
approximately two-thirds the diameter of coxa 
IV and located between coxae IV; anterior 
genital plate considerably larger than posterior. 
Perigenital ridge absent. Metasternal setae near 
posterolateral angles of genital aperture. Ventral 
setae in an unsclerotized region bordered laterally 
and posteriorly by areolated metapodal and anal 
areas; with two pairs of setae laterad of ventral 
setae, the more posterior pair being the longer. 
Anal protuberance only slightly developed. Stig- 
mata (fig. 11) opposite coxae III in the center of 
a voke-like peritreme which extends anteriorly 
to level of coxae II and posteriorly to the level 
of coxae IV; with both anterior and posterior 
ends of peritreme strongly hooked mediad and 
each end borne on a pronounced lateral projection. 
Peritrematal ridge weakly developed anteriorly, 


Ventral aspect of female. 
Ventral aspect of male. 


obscure or absent posteriorly. Seta D6 posterior 
to its associated pore area. Posterior marginal 
setae noticeably longer than those of the female. 

(?) DEUTONYMPH (figs. 14, 15) Length of idio- 
soma = 552u-572u; width of idiosoma at level 
of coxae IV =337yu-347y. Tritosternum weakly 
branched, each lacina with a short distal fila- 
ment. Sternal plate weakly areolate, tongue- 
like, not completely filling intercoxal area; 
sternal setae I on anterior rim of plate, posterior 
to lateral edges of tritosternal base; with a pair 
of lyriform pores posterolaterad of sternals I; 
sternal setae II slightly laterad of sternals I and 
opposite posterior edges of coxae II; sternal setae 
III slightly mediad of sternals II and opposite 
insertions of coxae III. With a pair of circular 
“‘pores”’ posterior and mediad of sternals III and 
between coxae IV. ‘‘Pseudosternal’’ setae in the 
integument posterior to sternal setae III. Meta- 
sternal setae laterad of posterior edge of sternal 
plate; with a pair of minute weakly sclerotized 
platelets behind and laterad of setae. With five 
pairs of ventral setae, two pairs of which are 
inserted medially; posterior pair of median ven- 
trals on small platelets. Anal plate strongly 
areolate; anal opening in center of a pronounced 
protuberance. Metapodal plates large, extending 
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Dorsal aspect of female idiosoma, exclusive of vertex 
Dorsal aspect of male idiosoma, exclusive of vertex. 


anteriorly to a point level with anterior edge of 
anal plate, and medially to a point somewhat 
laterad of coxae IV. Endopodal and exopodal 
plates discrete; endopodals I displaced posteriorly 
to a point between coxae I-II; exopodals I ex- 
tending dorsad, curving almost to midline. Peri- 
trematal plate extending posteriorly to a point 
between coxae III-IV, curving dorsad on humeral 
projection at level of coxae II, and extending 
anteriorly to level of distal edge of palpal femur, 
surpassing dorsal extensions of exopodals I and 
overlapping them at the point of intersection; 
with five pairs of setae (P1I-P5) anterior and two 
pairs (P6-P7) posterior to humeral projection, 
the most posterior opposite anterior edges of 
coxae III. Peritreme extending anteriorly from 
a point opposite coxa III, curving dorsad at 
level of coxa II, and thence following the lateral 
edge of peritrematal plate to its anterior ex- 
tremity. All ventral plates except the sternal 
strongly areolate. Dorsal plate (fig. 14) similar 
to that of male. With 19 pairs of marginal 
setigerous platelets, the most anterior pair at 
level of anterior edges of coxae III. With a pair 
of poriferous platelets in the integument im- 
mediately behind setae D6. 

Type material.—The holotype female and allo- 
tvpe male will be deposited in the collection of 


the U. S. National Museum, Washington, D. C. 
Collecting data are as follows: Mary’s Peak, 14 
miles west of Corvallis, Oregon; June 27 and 
October 23, 1958; from moss bordering creek; 
G. W. Krantz and B. D. Ainscough, collectors. 
Male and female paratypes will be deposited in 
the collections of the following institutions: 
Oregon State College, Corvallis, Oregon; Uni- 
versity of Kansas, Lawrence, Kansas; British 
Museum (Natural History), London, England; 
Riksmuseum, Stockholm, Sweden; the South 
Australian Museum, Adelaide, South Australia 

The subfamily Caminellinae can be distin- 
guished from other trachytoids through the use 
of the following key. 


KEY TO FAMILIES AND SUBFAMILIES OF THE 
SUPERFAMILY TRACHYTOIDEA TRAGARDH 1937 
1. Palpal tibia and tarsus insensibly fused; corniculi 
long, blade-like; perigenital rim present; tri- 
tosternum with broad triangular base and tree- 

like branched lacina Family Polyaspidae 
Palpal tibia and tarsus freely articulated; corniculi 
never more than twice as long as wide; perigenital 
rim absent; tritosternum with broad, usually ob- 
long base and two lacinae, often sub-branched 
Family Trachytidae....2 
Epigynial plate extending to anterior margin of 
sternal plate Subfamily Discourellinae 
Epigynial plate not extending beyond level of pos- 
terior margin of coxae II 3 
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FIG. 
Fic. 6.—Tectum. 
Fic. 7. 
FIG. 


Fic. 9.—Chelicera. 


Caminella peraphora, a New Mite 


5.—Dorsal aspect of male vertex and peritrematal regions. 


-Lateral aspect of pretarsus and claws of leg IT. 
3.—Ventral aspect of pretarsus and claws of leg II 


Fic. 10.—Sternitigenital region of female. 


Vertex setae present; sternal-endopodal and para- 
podal plates not fused between coxae I and II; 
peritreme-bearing humeral projections absent 

Subfamily Trachytinae 

Vertex setae absent; sternal-endopodal and para- 
podal plates fused between coxae I and II; 
peritreme-bearing humeral projections present 

Subfamily Caminellinae, nov. 


BIOLOGICAL CONSIDERATIONS 


At present little is known of the life bistory or 
feeding habits of C. peraphora. Only one nymphal 
stage has been recovered, but it is probable that 
the species goes through the more or less typical 
metamorphic development found in other trachy- 
toid groups. C. peraphora is known at present 
only from a highly restricted locality, all speci- 
mens having been recovered from moss beside 
or partly submerged in running water (Parker 
Creek) at altitudes of 3000’ to 3600’ on Mary’s 
Peak, 14 miles west of Corvallis, Oregon. The 
type habitat is very unlike that of other trachy- 
tids, the majority of which are taken commonly 
in basal tree holes or from forest litter. 

Although C. peraphora possesses most of the 
morphological characters common to other trachy- 


tids, it exhibits some rather marked peculiarities. 
With few exceptions, all female specimens ex- 
amined were found to be carrying a translucent 
sac-like pouch dorsally, attached to the body by 
a continuous band of tissue extending around the 
sides and venter of the body (figs. 18, 20). Ven- 
trally the band is situated just posterior to the 
epigynial plate (fig. 19), widening slightly on the 
longitudinal axis of the idiosoma and provided 
with an anterior hyaline extension which covers 
the epigynial plate. At the ventral midline the 
band possesses an internal flask-shaped compart- 
ment, delimited completely from the surrounding 
tissue. The “neck’’ of the compartment is ori- 
ented towards the epigynial plate and extends 
beneath the hyaline flap to one of the antero- 
lateral edges of the plate proper. The entire sac 
and belt structure, when removed from the mite, 
bears a superficial resemblance to a signet ring 
(fig. 21). This “signet ring structure’ appears 
to be noncellular and has always been observed 
to be empty. The material of which it is com- 
posed is extremely resistant to acid corrosion 
(Hoyer’s mounting medium, lactophenol clearing 
solution) 
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Peritrematal region of male. 
Peritrematal region of female 


Hypostome. 


Dorsal aspect of ‘‘deutonymph."’ 
Ventral aspect of ‘‘deutonymph."’ 


There can be little doubt that the signet mng 
structure plays an important role in the existence 
of C. peraphora. Apart from its occurrence on 
almost all female specimens observed, its im- 
portance is further indicated by the profound 
morphological adaptations seen in all females. 
For example, the strongly developed peritrematal 
ridge of the female (fig. 12) provides an anterior 
limit to the position of the: lateral band. The 


female possesses also a strong perigenital ridge 
which joins posteriorly to the peritrematal ridge 
(fig. 10). This may provide added support to the 
posterior end of the peritrematal ridge, thus 
keeping the ventral band from covering the 
posterior edge of the epigvnial plate. The 
peritrematal ridge is absent in the male. The 
peritreme of the male (fig. 11) extends both 
anteriorly and posteriorly from the stigma, while 
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Caminella peraphora, a New Mite 


Lateral aspect ot female 

Lateral aspect of male. 

Dorsal aspect of female, with pouch in place 
;. 19.—Ventral aspect of signet ring structure, im situ 
3. 20.—Lateral aspect of female, with pouch in place. 


Fic. 21. 


that of the female is reduced posteriorly, its posi- 
tion being occupied by the lateral band (fig. 20). 
Similarly the posterior arm of the male peritreme 
is borne on a posterior projection (fig. 5) which 
is absent in the female. The anal protuberance 
is considerably more prominent in the female 
than in the male, delimiting the posterior portion 
of the band (figs. 19, 20). 


Lateral aspect of isolated signet ring structure 


A pair of porous (sensory?) areas is found at 
the juncture of the perigenital and peritrematal 
ridges of the female, on each of which are inserted 
three setae, the most medial of which is four times 
the length of the metasternal seta anterior to it 
Not only are these setigerous sensory areas absent 
in the male, but the comparable setae on the male 
venter are onlv half the length of those found on 
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the female (figs. 1, 2). Dorsally the median 
ridge of the male is considerably more raised at 
its posterior end than that of the female (figs. 
16, 17). 

The presence of the signet ring structure of C. 
peraphora leads to speculation on a number of 
related points. Among these are: 


1. How is the structure formed ’ 
2. What is its function ? 


The noncellular structure of the sac indicates 
that its formation possibly is the result of a 
secretory process which takes place either in the 
young adult female or at the tritonymphal moult. 
It also is possible that the male secretes the 
structure during copulation with the female. 
The fact that the sac is almost identical in size 
and shape in every instance, and that a discrete 
flask-shaped compartment is formed inside the 
wall of the ventral part of the band, adds credence 
to the theory of autosecretion. While the adult 
female may be capable of secreting the signet ring, 
it would appear that the feat of encircling the 
idiosoma with such a structure could best be per- 
formed inside the nvmphal skin. The inflation 
of the dorsal sac could aid the female in freeing 
herself of the tritonymphal skin, or, more prob- 
ably, the sac is inflated immediately after moult- 
ing. It is likely that the answer to this question 
will be found when female tritonymphs can be 
examined. 

On the basis of the morphological adaptions 
discussed previously, and because the signet ring 
has been found only on females, it is probable 
that the function of the signet ring is related to 
reproduction. One of the more obvious functional 
possibilities is that of an external spermatheca. 
Since the sac is without openings, the latter func- 
tion would have to be performed by the ventral 
compartment. However, there are two objections 
to this theory. Stained preparations have never 
demonstrated the presence of sperm or indeed of 
any entities within the ventral compartment. 
The second objection is perhaps more serious; 
function of the ventral compartment as a 
spermatheca leaves unexplained the function of 
the dorsal sac. The fact that the sac is inflated 
and without openings, that it is easily removed 
intact from the mite, and that the mite lives in a 
semi-aquatic environment, suggests that it may 
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function as a buoyancy chamber or flotation 
mechanism. Clearly, such a function would 
eliminate its possible use as a spermatheca, as 
also its use in the dispersal of the mite itself, since 
the structure is found in one sex only. Therefore, 
since the sac is conceived to be a_ flotation 
mechanism, it must carry within the ventral 
compartment some entity to which dispersal 
would be advantageous. It is presently assumed 
that the function of the signet ring of C. peraphora 
is the transportation of one or more eggs or larvae 
by water flotation to new locations in the 
environment. The absence of eggs or larvae 
in the ventral compartments of the specimens 
examined may be explained by the fact that 
collections have been made only at two times of 
the vear (June 27 and October 23). The means 
of transferral from the genital opening to the 
ventral compartment must remain unexplained 
until actual observation of the transfer is made. 

The necessity for such an unusual mechanism 
in the life cycle of C. peraphora can be justified 
on ecological considerations. On October 23, 
1958, the water temperature of the moss-water 
habitat of C. peraphora was 38° F. Insects and 
mites in freshly collected substrate were observed 
to move very little at this temperature. Aside 
from the factor of low metabolic rate and con- 
sequent low rate of faunal dispersal, the nature 
of the habitat itself would tend to prohibit 
lengthy migration. Another means of interlocal 
dispersal, therefore, would be advantageous in 
insuring general distribution of the mite through- 
out the habitat 
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ABSTRACT 


This, the only genus of the subfamily Pioninae, now 
includes 33 species from the United States. Detailed 
descriptions, with figures, are given for 30 of these, includ- 
ing 11 that arenew: P. michiganensis, ?. conglobatella, 
- pinguipalpis, ?. mitchelli, and P. od (Michigan), 

brunsoni (Montana and Michigan), flatheadensis 
Phan P. loda (Montana and Wiseeaeeat, P: 
washingtonensis (Washington), P. spangleri (Missouri), 
and P. floridana (Florida). New synonymy: P. crassa 


This paper, treating the only genus in the sub- 
family Pioninae, completes a study on the sub- 
families of the Pionidae of the United States. 
The author (1955, 1956) has dealt with the 
Foreliinae and Tiphysinae. The present work 
includes 33 species known to occur in the United 
States, 11 of which are described as new. 

As in other genera belonging to the family 
Pionidae, the strong sexual dimorphism of the 
male produces excellent characters upon which 
species diagnoses may be based. The charac- 
teristics most used in this paper are structure of 
the ventral side, including genital field, palps, 


end segments of the third leg, and occasionally 


the end segments of the first leg. The concavity 
and setal arrangement of the fourth segment of 
the fourth leg are also of diagnostic value, but af 
uniform orientation is almost impossible, this 
character is not used here. The setal tubercles 
on the ventral surface of the fourth palpal seg- 
ment also serve as useful taxonomic characters is 
it is realized that they are subject to a certain 
amount of intraspecific variation. Figures 50 
and 54 illustrate the variation in the number of 
small tubercles which may be found in a single 
population, or even on different sides of the same 
individual. The term length, unless otherwise 
specified, refers to the distance between the 
anterior end of the first coxae and the posterior 
end of the genital field. 

The genus Piona has been divided into three 
subgenera, based on the structure of the acetabu- 
lar plates in the female. Those mites in which 
the female possesses a single acetabular plate on 
each side (figs. 72, 85, 145) are placed in Piona 
s.s.; species in which the female has two pairs of 
plates (figs. 121, 158) are classified as Tetrapiona; 
and forms in which the female possesses acetabula 
lying free in the integument (figs. 80, 128) are 
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(Wolcott) (=P. c. lauta Habeeb), P. conglobata (Koch) 
(=P. c. wisconsinensis Marshall), P. neumani oe 
(=Curvipes setiger Wolcott), P. spinulosa (Wolcott) (=C 

medius Wolcott), and P. rotunda (Kramer) (=C. reighardi 
Wolcott). Present subgenera of Piona, based on female 
characters, are quite unsatisfactory. Characters of the 
males offer better criteria for grouping the species, but 
any new subgeneric revision should be based on the 
world fauna and not on that of the United States alone. 


placed in the subgenus Dispersipiona. Since the 
structure of the acetabular plates may vary 
greatly within a species group, species, population, 
or even on opposite sides of the same individual, 
a very artificial subgeneric classification results. 
For example, Lundblad (1943) redescribed Piona 
rotundiformis but could not place it with certainty 
in any subgenus since one side of the female had 
a single plate (Piona s.s.) and the other side had 
two plates (Tetrapiona). The current subgeneric 
classification separates obvious species groups, 
based on far more stable characters in the male, 
into different subgenera (see remarks under Piona 
crassa, P. conglobata, and P. conglobatella). Be- 
cause the material at hand is from such a relatively 
limited area of the range of this cosmopolitan 
genus, no attempt is made to revise the subgeneric 
classification. However, the author would like 
to point out that phyletic lines (natural sub- 
genera) can be most éasily traced in males of 
the genus Piona. 

Only new synonymy is given. 
synonymy of North American 
Mitchell (1954). 

Appreciation is expressed to the following 
people for their help during this study: A. J. 
Besseling, O. Lundblad, and Kurt O. Viets for 
the gift or loan of European species for compari- 
son; Royal Bruce Brunson, Rodger D. Mitchell, 
and Paul Spangler for the opportunity of examin- 
ing their collections of Piona from North America. 
With the exception of P. spangleri, n. sp., all 
holotypes and allotypes will be placed in the 
Chicago Natural History Museum. Paratypes 
will be deposited in the United States National 
Museum. 


For a complete 
species, see 


Piona interrupta Marshall 

Figs. 8, 13, 14, 30, 31, 32, 60 
Length 810u-831yu; fourth coxae touch- 
third coxae touching medially in 


Male: 


ing medially; 


‘some specimens, separated in others; genital field 


extending laterally beyond posterior corners of 
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fourth coxae; genital field width 452y-485y, with 
a large, deep, somewhat three-lobed genital pit 
1764-2024 in width (fig. 8); three or four small 
setae on each side of acetabular plates anterior 
to genital pit; genital acetabula numerous, two 
pairs of acetabula slightly larger than others; 
dorsum with two pairs of small back plates; 
dorsal length of palpal segments, P-I 60u—-69x, 
P-II 285y-31llu, P-II] 123u-138u, P-IV 334y 
361u, P-V 161y—-175u; figure 60 shows chaetotaxy 
of palp; dorsal lengths of distal segments of first 
leg, I-L-4, 368y-425u; I-L-5, 435yu-501u; I-L-6, 
37S8u-418u; dorsal lengths of distal segments of 
third leg, III-L-4, 318u-352u; III-L-5, 468u—-502u; 
ITI-L-6, 1814-2034; ITI-L-6 greatly expanded at 
distal end (fig. 14): figure 13 shows modified 
claws at tip of third leg. 

Female (based on a single specimen): Length 
945u; genital field width 5244; numerous genital 
acetabula, two pairs of which are much larger 
than others; three pairs of setae located in integu- 
ment between acetabular plates and pregenital 
sclerite (fig. 30); acetabular plates somewhat 
indented on median margin; dorsal lengths of 
palpal segments, P-I 56y, P-1I 349u, P-III 148u, 
P-IV 402u, P-V 208u; figure 31. illustrates 
chaetotaxy of palp: dorsal lengths of distal seg- 
ments of first leg, I-L-4, 375; [-L-5, 463u; I-L-6, 
367; figure 32 shows chaetotaxv of I-L-5 and -6. 

This species occurs in lakes and permanent 
ponds. Marshall (1937) reported it from Michi- 
gan, Montana, Wisconsin, British Columbia and 
Ontario. Piona interrupta, along with P. turgida 
(Wolcott), P. washingtonensis, n. sp., and P. 
coccinea americana Marshall, belongs to a species 
group characterized in the male by large size, 
possession of a genital pit, and a short IIT-L-6 
which is greatly expanded at the distal end (figs. 
13, 15-17). The present species differs from 
coccinea americana in that none of the claws at 
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the tip of the third leg are in the form of an 
upturned hook (fig. 16). P. interrupta may be 
distinguished from (furgida and washingtonensis 
in that III-L-5 is much more than twice the 
length of III-L-6 (fig. 14). The very slightly 
upturned condition of one of the claws of the 
third leg (fig. 13) is suggestive of a trend in curvi- 
ture of the claws which reaches its maximum in 
the coccinea mites. 


2. Piona turgida (Wolcott) 
Figs. 1, 15, 18, 56 


Male: Length 765y-Sl5y; fourth coxae touch- 
ing medially; third coxae usually separated 
medially; genital field extending laterally beyond 
posterior corners of fourth coxae; genital field 
width 535yu-569u; with a large, deep, three-lobed 
genital pit 1674-210u in width (fig. 1); three or 
four small setae on each side of acetabular plates 
anterior to genital pit; genital acetabula numer- 
ous, two pairs of acetabula larger than others; 
dorsum with two pairs of small back plates; dorsal 
lengths of palpal segments, P-I 55y-6lyp, P-II 
241u-267u, P-III 111y-128ph, P-IV 298y-312u, 
P-V 143u-161u; figure 56 illustrates chaetotaxy 
of palp; dorsal lengths of distal segments of first 
leg. I-L-4, 283u-305u; I-L-5, 330u-353u; I-L-6, 
299u-319u; dorsal lengths of distal segments of 
third leg, I[1-L-4, 266-287; LII-L-5, 367u-386y; 
ITI-L-6, 1834-1934; III-L-6 greatly expanded at 
distal end (fig. 18); figure 15 illustrates modifica- 
tion of third leg claws 

Female: Not known with certainty 

This species has been reported from Michigan, 
New York, Wisconsin, Ontario and_ British 
Columbia. While turgida is typically found in 
lakes and permanent ponds, the author has taken 
this species in a backwater area of the Pine River, 
Manistee County, Michigan. P. turgida may be 
differentiated from other members of the inter- 


PLATE I 


Piona turgida (Wolcott), ventral view, male 

P. uncata (Koenike), ventral view, male 

P. michiganensis new species, ventral view, male 
P. coccinea americana Marshall, I1I-L-5 & 6, male 


P. brunsoni new species, 


ITI-L-5 & 6, male 


P. michiganensis new species, I1I-L-6, male 
P. uncata (Koenike), III-L-6, male. 
P. interrupta Marshall, ventral view, male 
P. uncata (Koenike), III-L-5 & 6, male. 
P. michiganensis new species, III-L-5 & 6, male. 
P. brunsoni new species, III-L-6, male. 
P. washingtonensis new species, III-L-5 & 6, male. 
P. interrupta Marshall, III-L-6, male 
.—P. interrupta Marshall, III-L-5 & 6, male 
5.—P. turgida (Wolcott), III-L-6, male. 
-P. coccinea americana Marshall, III-L-6, male. 
P. washingtonensis new species, III-L-6, male. 


P. turgida (Wolcott), I1I-L-5 & 6, male. 

.—P. brunsoni new species, ventral view, male. 

—P. washingtonensis new species, ventral view, male. 
P. coccinea americana Marshall, ventral view, male. 
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rupta group (see remarks under P. interrupta) as 
follows: turgida lacks a hook-like claw on III- 
L-6, and III-L-5 is only twice length of III-L-6. 
These characters will separate the present species 
from all but washingtonensis, the latter differing 
in its smaller acetabular plates and fewer 
acetabula (figs. 1 and 20). The female of 
turgida probably resembles the female of inter- 
rupta. The mite described by Wolcott (1902) 
as the female of turgida is actually the female of 
P. wolcotti Marshall. 


3. Piona washingtonensis, new species 
Figs. 12, 17, 20, 33, 35, 41, 55 

Male: Length 611lu-663u; apodemes between 
third and fourth coxae not extending to midline; 
genital field extending laterally to or slightly 
beyond posterior corners of fourth coxae; width of 
genital field 2964-358, with a large, somewhat 
oval genital pit 1124-127y in width; 14-24 genital 
acetabula on each side, two pairs of acetabula 
usually much larger than others; excretory pore 
joined to genital field by a narrow sclerotized 
strip (fig. 20); dorsum with two pairs of small 
back plates; dorsal lengths of palpal segments, 
P-I 34y-38u, P-II 168u-180u, P-IIT 75u-S80u, P-1V 
179u-192u, P-V 98u—-104u; setal tubercles of P-IV 
well developed; figure 55 illustrates chaetotaxy 
of palp; dorsal lengths of distal segments of third 
leg, III-L-4, 205-216u; III-L-5, 288y-306u; 
LII-L-6, 132u-141y; III-L-6 greatly expanded 
at distal end (fig. 12); figure 17 shows modifica- 
tion of claws on third leg. 

Female: Length 803u-952u; genital field width 
419u-463u; genital acetabula 19-23 each side, 
two pairs of acetabula larger than others; two 
pairs of setae in integument between acetabular 
plates and pregenital sclerite (fig. 41); periphery 
of acetabular plates appearing very jagged; dor- 
sum with a pair of small back plates; dorsal 
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lengths of palpal segments, P-I 48u-52y, P-II 
220u-232u, P-III 96u-103u, P-IV 236yu-248y, 
P-V 128u-132u; figure 33 illustrates chaetotaxy 
of palp; dorsal lengths of distal segments of first 
leg, I-L-4, 261u-279n; I-L-5, 314y-334u; I-L-6, 
264u-296u. 

Types: Holotype, adult male, collected in a 
water-filled ditch (permanent pond conditions) 
along Highway 5 in Pierce County, Washington, 
August 13, 1954; allotvpe female, same data; 
paratypes, 10 males, 2 females, same data. 

The structure of III-L-5 and -6 would seem to 
relate the new species most closely to P. turgida 
All eleven males of the new species have a sclero- 
tized strip joining the excretory pore to the 
genital field. Since washingtonensis is known 
only from one locality, it is not known whether 
this is a species characteristic or only a population 
difference. The female has a very irregular mar- 
gin to the acetabular plates (fig. 41), but until 
females of turgida are determined with certainty, 
it is not known whether this difference is 
diagnostic. 


4. Piona coccinea americana Marshall 
Figs. 4, 16, 21, 27, 36 

Male: Length 7S5y-873u: third and fourth 
coxae slightly separated medially; apodemes be- 
tween third and fourth coxae extending almost 
to midline; genital field extending laterally 
beyond posterior corners of fourth coxae; width 
of genital field 419u-489u; with a somewhat 
three-lobed genital pit 128u-l44y in width (fig 
21); genital acetabula 31-37 on each side, typi- 
cally with two pairs of acetabula larger than 
others; dorsum with two pairs of small back 
plates; dorsal lengths of palpal segments, P-I 
D2u-GO4y, P-II 224yu-244u, P-III 96u-112u, P-IV 
239u-272u, P-V 128u-140u; P-II slightly convex 
on ventral side (fig. 36): dorsal lengths of distal 


EXPLANATION OF PLATE II 


Fic. 22. 
Fic. 23.—P. 
Fic. 24.—P. 
Fic. 25.—P. 
Fic. 26.—P. 
Fic. 27.—P. 
Fic. 28.—P. 
Fic. 29.—P. 
Fic. 30.—P. 
Fic. 31.—P. 
Fic. 32.—P. 
Fic. 33.—P. 
Fic. 34.—P. 
Fic. 35.—P. 
Fic. 36.—P. 
Fic. 37.—P. 
Fic. 38.—P. 
Fic. 39.—P. 
Fic. 40.—P. 
Fic. 41.—P. 


Piona michiganensis new species, ventral view, male. 
triangularis (Wolcott), genital field, female (after Wolcott 
coronis (Wolcott), palp, female (after Wolcott). 

brunsoni new species, ventral view, female. 

triangularis (Wolcott), palp, female (after Wolcott). 
coccinea americana Marshall, I-L-5 & 6, female 
michiganensis new species, I-L-5 & 6, female 

brunsoni new species, I-L-5 & 6, female 
interrupta Marshall, ventral view, female 
interrupta Marshall, palp, female. 
interrupta Marshall, I-L-5 & 6, female. 
washingtonensis new species, palp, female 
brunsoni new species, palp, female. 
washingtonensis new species, IV-L-4, male. 
coccinea americana Marshall, palp, male. 
michiganensis new species, palp, male. 
uncata (Koenike), ventral view, female 
uncata (Koenike), I-L-5 & 6, female. 
uncata (Koenike), palp, female. 
washingtonensis new species, ventral view, 


female 
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segments of third leg, III-L-4, 244u-270u; III-L-5, 
349u—-401u; III-L-6, 132u-148u (fig. 4); IITI-L-6 
expanded at distal end, one claw hook-shaped and 
of moderate size (fig. 16). 

Female: Length (newly metamorphosed indi- 
vidual) 788u; genital acetabula 33-38 on each 
side, two pairs of acetabula larger than others; 
dorsum with a pair of small back plates; dorsal 
lengths of palpal segments, P-I 58yu—-G0Ou, P-II 
232u-240u, P-III 98u-101u, P-IV 244u-260n, P-V 
139u-144u, palp similar to that of male; dorsal 
lengths of distal segments of first leg, I-L-4, 296u 
314yu; I-L-5, 348y-367y; 1-L-6, 295u-323u; figure 
27 illustrates chaetotaxy of I-L-5 and -6. 

This lake-inhabiting species has been reported 
from Wisconsin and Alaska by Marshall (1937). 
Bergstrom (1953) lists americana from New 
Mexico. The present species is a North American 
representative of the coccinea complex, the latter 
being widespread in the Old World. The convex 
ventral surface of P-II, and the moderate-sized, 
hooked claw on III-L-6 are characters which 
definitely relate americana to the stjordalensis 
group as defined by Lundblad (1926). The hook- 
like claw on III-L-6 in males (fig. 16) will dis- 
tinguish the present species from other North 
American members of the genus Piona. 


Piona uncata (Koenike) 
Figs. 2, 7, 9, 38, 39, 40, 62 


Male: Length 742u-S2lu; apodemes between 
third and fourth coxae not extending to midline; 
genital field extending laterally slightly beyond 
posterior corners of fourth coxae; width of genital 
field 401u-437y, with a deep, somewhat three- 
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Piona carnea 
P. exilis 


Koch 


Wolcott 
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angled genital pit (fig. 2); typically with three 
pairs of small setae on acetabular plates anterior 
to genital pit; genital acetabula 21-25 on each 
side; dorsal lengths of palpal segments, P-I 50u 

S6u, P-II 216y—-225y, P-ITI 99u-105u, P-IV 234u 

248u, P-V 114u-120u; figure 62 illustrates chaeto- 
taxy of palp; dorsal lengths of distal segments of 
third leg, III-L-4, 253u-262u; II-L-5, 358y-367y; 
III-L-6, 148u-172u; III-L-6 somewhat expanded 
at distal end (fig. 9); figure 7 shows modification 
of claws of third leg. 

Female: Length 733u-96lu; width of genital 
field 384u-541u; genital acetabula 10-21 on each 
side; two pairs of setae located in integument 
between acetabular plates and pregenital sclerite 
(fig. 38); dorsal lengths of palpal segments, P-I 
46u-6lu; P-IL 201u-248u, P-III 92u-1194, P-IV 
228u-276u, P-V 122u-147u; figure 40 illustrates 
chaetotaxy of palp; dorsal lengths of distal seg- 
ments of first leg, I-L-4, 261u-367y; I-L-5, 323u 
428u; I-L-6, 262u-331yu; figure 39 shows chaeto- 
taxy of distal segments of first leg. 

This Holarctic species is known from lakes and 
permanent ponds, often at high altitudes. The 
author has collected uncata in Michigan and 
Colorado. Bergstrom (1953) reports it from 
Colorado and Wyoming. Males of P. uncata 
mav be diagnosed as follows: size large; large 
genital pit; III-L-6 only moderately expanded at 
distal end (fig. 7); genital acetabula few in 
number and occupying only a small area of the 
acetabular plates (fig. 2). 


6. Piona michiganensis, new species 
Figs. 3, 6, 10, 22, 28, 37 
SS4u 95Su : 


Male: Length third and fourth 
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ventral view, male 


ew, 
, III-L-6, male 


P. pugilis (Wolcott), III-L-6, male 


P. exilis 


Wolcott), 
P. wolcotti Marshall, ventral view, 


I-L-5 & 6, male 


male 


P. carnea (Koch), III-L-6, male 
P.. wolcotti Marshall, III-L-5 & 6, male 


P. carnea 


Koch), palp, male. 


P. wolcotti Marshall, palp, male 

<< pugilis (Wolcott), ITI-L-5 & 6, mal 
P. wolcotti Marshall, palp, female. 

P.. brunsoni new species, palp, female 
P. wolcotti Marshall, P-IV, male 


P. washingtonensis new species, palp, male 


P. turgida 


Wolcott), palp, male 


P. carnea (Koch), III-L-5 & 6, male 

P. exilis (Wolcott), palp, female. 

P. pugilis (Wolcott), palp, male. 

P. interrupta Marshall, palp, male 

P. wolcotti Marshall, I-L-5 & 6, female. 
P.uncata (Koenike), palp, male. 

P. carnea (Koch), palp, female 

P. exis (Wolcott), palp, male 

P. pugilis (Wolcott), ventral view, male 
P. pugilis (Wolcott), I-L-5 & 6, female 
P. extlis (Wolcott), I-L-5 & 6, female 


P. exihs (Wolcott 


, ventral view, male 
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coxae touching medially; apodemes between 
third and fourth coxae not extending to midline; 
genital field extending laterally beyond posterior 
corners of fourth coxae; width of genital field 
585u-617u, with a large, deep, somewhat three- 
lobed genital pit 182u-202u in width (fig. 3); 
three or four small setae on each side of acetabular 
plates anterior to genital pit; genital acetabula 
numerous, with two pairs of acetabula larger than 
others; dorsum with two pairs of small back 
plates, posterior pair very small, often attached 
to anterior pair; dorsal lengths of palpal segments, 
P-I 56u-G66u, P-1I 301u-350u, P-ITI 135yu-151p, 
P-IV 334u-393u, P-V 190u-210u; two setal 
tubercles on ventral surface of P-IV very long 
and narrow; figure 37 illustrates chaetotaxv of 
palp; dorsal lengths of distal segments of third 
leg, III-L-4, 318u-352u; III-L-5, 417u-485u; 
III-L-6, 2174-242u; III-L-6 somewhat curved 
and slightly expanded at distal end (fig. 10); 
figure 6 shows modification of claws at end of 
third leg. 

Female: Length 958u-1123u; width of genital 
S85p-651u; length of individual acetabular plates 
267-301; genital acetabula numerous, with two 
pairs of acetabula much larger than others; with 
two setae on each side between acetabular plates 
and pregenital sclerite (fig. 22); dorsum with a 
pair of small back plates; dorsal lengths of palpal 
segments, P-I (lu-79u, P-II 349u-402u, P-ITI 
147u-162u, P-IV 40lu-484u, P-V 221u—-230u: 
palp with two very long setal tubercles on ventral 
side of P-IV similar to those of male; dorsal 
lengths of distal segments of first leg, I-L-4, 
152u-519u; I-L-5, 510u-587u; I-L-6, 409u-4A7S8u; 
figure 28 illustrates I-L-5 and -6. 

Types: Holotype, adult male, collected in 
Barton Pond, Washtenaw County, Michigan 
(T2S/RGE/S7), Mav 21, 1951; allotvpe, adult 
female, same data; paratypes, 12 males, 4 fe- 
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males, same data as holotype; one female, taken 
in North Fishtail Bay, Douglas Lake, Cheboygan 
County, Michigan (T37N/R3W/S22), July 18, 
1949; one male, collected in Big Duck Lake, Sugar 
Island, Chippewa County, Michigan (T46N 
R2E /$826), July 15, 1950. 

The type localities include lake and permanent 
pond habitats. P. michiganensis and the follow-, 
ing species, P. brunsoni, n. sp., are members of a 
species group characterized in the male by large 
size, possession of a deep genital pit, but differ 
from the interrupta group in that III-L-6 
relatively long and little expanded at the distal 
end (figs. 6, 11). The present species may be 
easily separated from brunsoni by its larger genital 
pit (fig. 3) and the extremely long setal tubercles 
on P-IV (fig. 37). The female also possesses long 
setal tubercles on P-IV, thereby easily separating 
it from females of other species of Piona 


1S 


Piona brunsoni, new species 
11, 19, 25, 29, 34, 53 


Male: Length S836yu-932u; third and fourth 
coxae touching medially except at anterior end; 
apodemes between third and fourth coxae not 
extending to midline; genital field extending 
laterally beyond posterior corners of fourth coxae, 
width of genital field 485-5434; with a small 
oval genital pit 1274-1524 in width (fig. 19); 
three or four small setae on each side of acetabular 
plates anterior to genital pit; genital acetabula 
28-44 on each side; typically with two pairs of 
acetabula larger than others; dorsum with two 
pairs of small back plates; dorsal lengths of palpal 
segments, P-] 5S8u-6Su, P-II 319u-351u, P-III 
143u-157yu, P-IV 37S8u-418u, P-V 182u—-200xu; 
figure 53 illustrates chaetotaxy of palp; dorsal 
lengths of distal segments of third leg, III-L-4, 
368u-410u; ITI-L-5, 4694-5274; II-L-6, 225y 
243u; ITI-L-6 straight and slightly expanded at 


Figs. 5, 


OF PLATE I\ 


ventral view, female 


. constricta (Wolcott), I-L-5 & 6, female. 


: pugili s (Wolcott 


, ventral view, female. 


. mitchelli new species, palp, male. 


. constricta (Wolcott), 
. constricta (Wolcott), palp, ma 


ventral view, 


le. 


female 


. pinguipalpis new species, I-L-5 & 6, female 

. pinguipalpis new species, palp, female 

. constricta (Wolcott), palp, female. 

. pinguipal pis new species, ventral view, female 
. clavicornis (Mueller), ventral view, female 

. mitchelli new species, I-L-5 & 6, female 

. pinguipal pis new species, palp, male. 

. clavicornis (Mueller), palp, outer side, female. 
. mitchell new species, ventral view, female. 


. carnea (Koch), 


ventral view, female 
. pugilis (Wolcott), 


palp, female. 


clavicornis (Mueller), palp, inner side, female. 
. mitchelli new species, palp, female 


. wolcotti Marshall, 


ventral view, female 





PLATE IV 


Water Mites of the Genus Piona 
David R. Cook 


2 79 
Se 





44 Annals of the Entomological Society of America 


distal end; figure 11 illustrates modification of 
claws of third leg. 

Female: Length 1002u—-1145y; width of genital 
field 549u-5S6u; length of individual acetabular 
plates 276u-310u; genital acetabula numerous, 
with two pairs of acetabula much larger than 
others; three to five pairs of setae located in integ- 
ument between anterior ends of acetabular plates 
and pregenital sclerite (fig. 25); dorsum with a pair 
of small, elongated back plates; dorsal lengths of 
palpal segments, P-I 65yu-79u, P-II 384u-425pn, 
P-ITI 158-1824, P-IV 461p-51lu, P-V 205y 
226u; figure 34 shows chaetotaxy of palp; dorsal 
lengths of distal segments of first leg, I-L-4, 
$52u-519u-: I-L-5, 517u-602u; I-L-6, 384u-436u; 
I-L-5 with numerous heavy setae along ventral 
side (fig. 29). 

Types: Holotype, adult male, collected at the 
southern end of Flathead Lake, Lake County, 
Montana, June 29, 1954; allotvpe, adult female, 
same data; paratypes, 59 males, 14 females, same 
data as holotype; six males, two females, taken in 
Barton Pond, Washtenaw County, Michigan 
(T2S RG6E/S7), May 21, 1951. 

This lake-inhabiting species seems most closely 
related to P. michiganensis, but differs in that 
the genital pit of the male is much smaller (fig. 
19) and the setal tubercles on the ventral side of 
P-IV are much shorter (fig. 53). The female of 
the present species may be separated from females 
of other large species of Piona by the numerous, 
short, heavy setae on the ventral side of I-L-5 
(fig. 29). 

8. Piona coronis (Wolcott) 
Fig. 24 
This species is known only from a single female 
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specimen collected by Robert Wolcott in the 
Saginaw Bay area of Lake Huron, Michigan. 
There seems little value in a redescription of 
this species until the male is known. The large 
size and structure of the palp (fig. 24) seem to 
relate coronis to the previously described mites. 
P. coronis may be distinguished from them by the 
fact that the genital acetabula lie free in the 
integument, i.e., there are no acetabular plates. 
One might suspect that it was only a newly 
metamorphosed individual in which the acetabu- 
lar plates had not vet become sclerotized, if it 
were not for the fact that all other hard parts are 
heavily sclerotized. Possibly this single speci- 
men was only an aberrant individual, but its true 
status will not be known until other specimens, 
including the male, are found. 


9. Piona triangularis (Wolcott) 
Figs. 23, 26 


As with the preceding species, P. triangularis 
was described from a female specimen only and 
the male is still unknown. The structure of the 
palp (fig. 26) and the genital field (fig. 23) relate 
it to the previously described large Piona species. 
The setal tubercles on P-IV are moderately well 
developed and of about equal length, a character 
which should serve to identify the species. Again 
the description cannot be completed until males 
and females are recoliected from the vicinity of 
the type locality (a pond in the vicinity of 
Columbia, Missouri). It is unfortunate that the 
description of the female alone forms the basis of 
specific diagnosis in a group such as Piona, in 
which most of the really good specific characters 
are to be found in the pronounced sexual dimorph- 


EXPLANATION OF PLATE V 


Fic. 90. 
Fic. 91.—P. 
Fic. 92.—P. 
Fic. 93.—P. 
Fic. 94.—P. 
Fic. 95.—P. 
Fic. 96.—P. 
Fic. 97.—P. 


constricta 


Piona mitchelli new species, ventral view, male 
(Wolcott), I-L-5 & 6, male. 
mitchelli new species, I-L-5 & 6, male. 
crassa (Wolcott), palp, male. 

crassa (Wolcott), ventral view, male 
conglobata (Koch), palp, male. 

constricta (Wolcott), ventral view, male. 
mitchelli new species, III-L-6, male. 


Fic. 98.—P. neumani (Koenike), palp, female. 


Fic. 99.—P. 
Fic. 100.—P. 


constricta (Wolcott), III-L-6, male. 
mitchelli new species, III-L-5 & 6, male. 


Fic. 101.—P. congbobata (Koch), ventral view, male 


Fic. 102.—P. 
Fic. 103.—P. 
Fic. 104.—P. 
Fic. 105.—P. 
Fic. 106.—P. 
Fic. 107.—P. 
Fic. 108.—P. 
Fic. 109.—P. 
Fic. 110.—P. 
Fic. 111.—P. 
Fic. 112.—P. 
Fic. 113.—P. 
Fic. 114.—P. 
Fic. 115.—P. 


neumani (Koenike), palp, male. 

conglobata (Koch), III-L-6, male. 
pingutpalpis new species, ventral view, male. 
crassa (Wolcott), III-L-6, male. 

crassa (Wolcott), I-L-5 & 6, male. 

conglobata (Koch), palp, female. 

clavicornis (Mueller), III-L-6, male. 
pinguipalpis new species, I-L-5 & 6, male 
conglobatella new species, ventral view, male 
clavicornis (Mueller), ventral view, male 
neumani (Koenike), III-L-6, male’ 
conglobatella new species, IL4-L-6, male. 
conglobatella new species, palp, male. 
conglobatella new species, I-L-5 & 6, female. 


Fic. 116.—P. neumani (Koenike), ventral view, male. 
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ism of the male. Marshall (1929) reported this 
species from a lake in Indiana. 


10. Piona pugilis (Wolcott) 
Figs. 44, 51, 59, 65, 66, 72, 86 

Male: Length 858-9554; third and fourth 
coxae touching medially; apodemes between third 
and fourth coxae not extending to midline; 
genital field extending laterally beyond posterior 
corners of fourth coxae; width of genital field 
618u-685u, with a moderately shallow genital pit 
posterior to genital opening (fig. 65); genital 
acetabula numerous, with two pairs of acetabula 
larger than others; excretory pore fused with 
acetabular plates; dorsum with a pair of small, 
kidney-shaped back plates; dorsal lengths of 
palpal segments, P-I 62u-70u, P-II 378yu-407u, 
P-III 173u-179yn, P-IV 435y-477u; P-V 166u 
194; figure 59 illustrates chaetotaxy of palp; 
dorsal lengths of distal segments of third leg, 
III-L-4, 383u-425y; IITI-L-5, 494yu-535y; III-L-6, 
234y-260u; ILI-L-6 relatively unmodified (fig. 51); 
claws at tip of third leg relatively unspecialized 
(fig. 44); end segments of first and second legs, 
like those of female, fitted for grasping (fig. 46) 

Female: Length 1001u—12S88u; width of genital 
field 618u-769u; length of individual acetabular 
plates 317yu-369u; genital acetabula numerous, 
with two pairs of acetabula larger than others; 
typically three (occasionally two) setae located in 
integument on each between acetabular 
plates and pregenital sclerite (fig. 72); dorsum 
with a pair of small, kidney-shaped back plates; 
dorsal lengths of palpal segments, P-I 72u—S4uy, 
P-IT 418u—452yu, P-III 1764-1974, P-LV 469p-550n, 
P-V 189u-210u: figure 86 illustrates chaetotaxy 
of palp; dorsal lengths of distal segments of first 
leg, I-L-4, 435u-470u; I-L-5, 577p-635y; I-L-6, 
31Syu-334u; end segments of first and second legs 


side 


EXPLANATION OF 
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Piona crassa (Wolcott), 
P. crassa (Wolcott), I-L-5 & 6, female 
P. flatheadensis new species, III-L-6, male 

. variabilis (Koch), palp, female. 

. variabilis (Koch), ventral view, female 

flatheadensis new species, palp, male 

. Spinulosa (Wolcott), palp, female. 

. neumani (Koenike), ventral view, female 

. debilis (Wolcott), palp, male. 

. socialis Marshall, III-L-6, male. 

. conglobatella new species, ventral view, female. 
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modified for grasping; figure 66 illustrates end 
segments of first leg. 

This lake-inhabiting species is listed by Mar- 
shall (1937) from Iowa, Michigan, New York, 
Wisconsin and Ontario. Both males and females 
of pugilis may be easily recognized by the modi- 
fication of I-L-5 and -( into a raptorial appendage 
(fig. 66). 


11. Piona exilis (Wolcott) 
Figs. 43, 45, 58, 64, 67, 68, 69 


Male: Length 645u-860u; third and fourth 
coxae touching medially; apodemes between 
third and fourth coxae not extending to midline; 
genital field extending laterally beyond posterior 
corners of fourth coxae; width of genital field 
435y—468u, with an extremely shallow genital pit 
posterior to genital opening (fig. 68); genital 
acetabula numerous, with two pairs of acetabula 
larger than others; excretory pore fused with 
acetabular plates; dorsal lengths of palpal seg- 
ments, P-I 43u Oyu, P-IT 243u-318u, P-III 115y 
134u, P-IV 277y-368y, P-V 157yu-199u; figure 64 
shows chaetotaxy of palp; dorsal lengths of distal 
segments of third leg, III-L-4, 2854-360; III-L-5, 
308u-444u; ITI-L-6, 184u-218u; III-L-6 and its 
claws relatively unmodified (fig. 43); end seg- 
ments of first and second legs not modified for 
grasping; figure 45 illustrates I-L-5 and -6. 

Female: Length S8S82u-933u; width of genital 
field 442u-535yu; length of individual acetabular 
plates 215yu-233u; genital acetabula 27-44 on each 
side, two pairs of acetabula larger than others: 
with two or three setae in integument on each side 
between acetabular plates and pregenital sclerite 
(fig. 69); dorsum with a pair of small back plates; 
dorsal lengths of palpal segments, P-I 52u—65y, 
P-IT 301yu-367n, P-III 134u-1594, P-IV 343u 
1)lu, P-V 197y-217y; figure 58 shows chaetotaxy 


PLATE VI 


ventral view, female. 


. conglobata (Koch), ventral view, female. 
. haberba new species, palp, male. 

. loda new species, III-L-6, male. 

. spinulosa (Wolcott), I-L-5 & 6, female. 

. crassa (Wolcott), palp, female. 

. debilis (Wolcott), ventral view, female. 


. rotunda (Kramer), 


I-L-5 & 6, female. 


. rotunda (Kramer), ventral view, female. 

. rotunda (Kramer), palp, female. 

. debilis (Wolcott), I-L-5 & 6, female. 

. conglobatella new species, palp, female. 

. Spinulosa (Wolcott), ventral view, female. 
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of palp; dorsal lengths of distal segments of first 
leg, I-L-4, 334y-385yu; I-L-5, 411u-469u; I-L-6, 
327yu-377u; figure 67 illustrates end segments of 
first leg; first and second legs not modified for 
grasping. 

Piona exilis has been 
Colorado, Michigan, and Wisconsin. The struc- 
ture of the genital field (fig. 68) and IJI-L-6 
(compare figs. 48 and 44) of the male show that 
this species is related to P. pugilis. Piona exilis 
males differ in that I-L-5 and -6 do not exhibit 
the pronounced modifications for grasping and 
the acetabular plates do not extend as far laterally. 
The female of exilis resembles the females of the 
int -yupta group but differs in that the palp is 
verv long and slender, especially P-V (fig. 58). 


collected in lakes in 


12. Piona wolcotti Marshall 
Figs. 46, 48, 50, 52, 54, 61, 89 


Curvipes turgidus Wolcott 1902, Trans. Amer. Microsc. 
Soc. 23: 216 (in part). 


Male: Length 9794-1099; third and fourth 
coxae touching medially; apodemes between third 
and fourth coxae extending to midline; genital 
field not extending bevond posterior corners of 
fourth coxae, width of genital field 518u—-585y; 
acetabular plates directed posteriolaterally; geni- 
tal opening small, located near anterior end of 
fused acetabular plates; genital acetabula nu- 
merous, with numerous short setae on acetabular 
plates surrounding genital opening (fig. 46); two 
pairs of genital acetabula larger than others; dor- 
sum with a pair of narrow back plates: dorsal 
lengths of palpal segments, P-I 64y-76y, P-II 
309u-351u, P-III 131lu-147p, P-IV 368u—-427u, 
P-V 166y-194u; figure 50 illustrates chaetotaxy 
of palp; figure 54 shows variation in number of 
small tubercles on P-IV; dorsal lengths of distal 
segments of third leg, I[I-L-4, 435u-510g; ITI- 
L-5, 535y-602u; III-L-6, 393u-452u; III-L-6 long 
and slightly curved, somewhat narrower at distal 
end; claws at tip of third leg unmodified (fig. 48). 

Female: Length 1146u-1312u; width of genital 
field 585u-G68u; acetabular plates fused pos- 
teriorly (fig. 89); with numerous setae in integu- 
ment of each side between acetabular plates and 
pregenital sclerite; dorsum with a pair of narrow 
back plates; dorsal lengths of palpal segments, 
P-I 72u-79u, P-IT 351y—-385y, P-III 155y-174y, P- 
IV 417y-453yu, P-V 185yu-198u; figure 52 shows 
chaetotaxy of palp; dorsal lengths of distai seg- 
ments of first leg, I-L-4, 518¢-543y; I-L-5, 577u 
Gli; I-L-6, 427p4-352u; figure 61 illustrates 
chaetotaxy of distal two segments of first leg. 

P. wolcotti has been collected in Michigan and 
Wisconsin. In Michigan, the author has taken 
it in both lakes and permanent ponds. The 
present species may be easily recognized in both 
sexes by large size and great number of small 
setae surrounding the genital opening (figs. 46, 
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89). The unmodified condition of III-L-6 in the 
male (fig. 48) suggests that wolcotti is not closely 
related to any other North American species of 
Piona. Wolcott (1902) described the female 
of the present species as the female of turgidus. 
Marshall did not discover this error, which 
accounts for the fact that when she described 
wolcolti (Marshall 1937), she stated that the 
female was unknown. 


13. Piona carnea (Koch) 
Figs. 42, 47, 49, 57, 63, 85 


Male: Length 832u-1080u; apodemes between 
third and fourth coxae not extending to midline; 
genital field broadly joined to fourth coxae; genital 
field extending laterally to posterior corners of 
fourth coxae; width of genital field 384u-497u, 
with an oval, deep genital pit 1164-135 in width 
(fig. 42); typically with three pairs of setae on 
acetabular plates anterior to genital pit; genital 
acetabula 11-17 on each side; capitulum relatively 
small, first coxae projecting well anterior to end 
of capitulum; dorsum with a pair of small, sickle- 
shaped back plates; dorsal lengths of palpal seg- 
ments, P-I 49u-GS8u, P-II 156y—-182u, P-III 91u 
110u, P-IV 196u-241y, P-V 72yu-95yu;  setal 
tubercles on ventral side of P-IV poorly developed 
(fig. 49); dorsal lengths of distal segments of third 
leg, III-L-4, 314u-875u; III-L-5, 358yu-427y; III- 
L-6, 201u—-262u; III-L-6 slightly bowed; figure 47 
illustrates modification of claws at tip of third leg 

Female: Length 945u-1350u; width of genital 
field 367u-628u; genital acetabula 9-19 on each 
side; numerous setae located in integument between 
acetabular plates and pregenital sclerite (fig. 85); 
dorsum with a pair of kidney-shaped back plates; 
first coxae projecting far bevond anterior end of 
capitulum; dorsal lengths of palpal segments, 
P-I 47u-76u, P-II 148u-199u, P-III SOu—-116u, 
P-IV 1774-2524, P-V 68u-102u; setal tubercles 
poorly developed (fig. 63); dorsal lengths of distal 
segments of first leg, I-L-4, 261u—505u; I-L-5, 
279u-541u; [-L-6, 3144-486. 

This Holarctic species is widely distributed in 
Europe and Asia, and in North America has been 
collected in Idaho, Michigan, Montana, Wis- 
consin, and Alaska. P. carnea is known from a 
wide range of standing-water habitats, having 
been taken in lakes, temporary and permanent 
ponds, and bogs. The present species may be 
easilv recognized in both sexes by large size, 
relatively small capitulum with the first coxae 
extending forward far bevond the end of the 
capitulum (fig. 42, 85), and the extremely small 
setal tubercles on the ventral side of P-IV (figs. 
19, 63). The great variation in size found in 
carnea causes one to wonder if perhaps two or 
more closely related forms are being confused. 
However, the author is unable to correlate this 
size difference with any geographical or ecological 
difference 
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14. Piona crassa (Wolcott) 
Figs. 93, 94, 105, 106, 117, 118, 132 
Piona crassa lauta Habeeb 1954, Leaflets Acadian Biol. 

No. 4:7 (NEW SYNONYMY). 

Male: Length between anterior end of first 
coxae and posterior end of excretory pore (which 
is fused to genital field) 560u-602u; apodemes 
between third and fourth coxae not extending to 
midline; genital field extending laterally beyond 
posterior corners of fourth coxae; width of genital 
field 368u-444u, genital field surrounded by ex- 
tensive secondary sclerotization; genital opening 
small, located at anterior end of genital field; 
with a shallow depression immediately posterior 
to genital opening, two pairs of setae located in 
this depression (fig. 94); excretory pore fused 
with genital field; genital acetabula 28-39 on 
each side, with a pair of acetabula flanking the 
genital opening; integument thick, dorsum with 
a single, large back plate (dorsal shield) 677u 
728u in length, 4844-518 in width; dorsal lengths 
of palpal segments, P-I 34u-38y, P-II 139u-151,, 
P-III 60u-67y, P-IV 107u-11l5p, P-V 56yu-62u; 
ventral side of P-IV greatly expanded, with 
numerous setal tubercles (fig. 93); dorsal lengths 
of distal segments of third leg, IT]1-L-4, 162u—-174y: 
ITI-L-5, 214-226; III-L-6, 115-123; figure 105 
illustrates chaetotaxy of III-L-6; end segments of 
first leg greatly expanded (fig. 106). 

Female: Length 577u-618u; width of genital 
field 445yu-525u; genital acetabula 44-53 on each 
side; anteromedial pair of acetabula located on 
setae-bearing sclerites, other acetabula located on 
acetabular plates (fig. 117); dorsum with a 
moderate sized, oval back plate in the midline 
and one or two pairs of much smaller plates 
located slightly posterior to median plate; dorsal 
lengths of palpal segments, P-I 32u-37y, P-II 
1394-1494, P-III 644-69, P-IV 11S8u—-127y, P-V 
D4u-60u; figure 132 illustrates chaetotaxy of palp; 
dorsal lengths of distal segments of first leg, I-L-4, 
115y-129u; I-L-5, 125y-135y; I-L-6, 164y-173y; 
figure 118 shows end segments of first leg. 

This species has been collected in lakes in 
Illinois, Michigan, Montana, New Jersey, and 
Wisconsin. Males of crassa mav be easily 
recognized by the fact that extensive secondary 
sclerotization has produced a large dorsal shield 
and the acetabular region is incorporated into a 
ventral shield (fig. 91). The female may be 
recognized by possession of a moderate-sized, 
median dorsal plate, numerous setal tubercles on 
P-IV (fig. 132), and widely spreading acetabular 
plates with a pair of isolated acetabula located 
between the main acetabular plates and the 
pregenitai sclerite (fig. 117). 

Habeeb (1954) described what he considered 
to be a new subspecies, P. crassa lauta, stating 
that it differed from Wolcott’s form ‘‘in that the 
genital area is fused with the epimera into a solid 
ventral plate, the chitin containing the anal pore 
and the glandularia lateral to the epimera.’”’ It 
is difficult to understand whv this subspecies was 
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erected, since all the characters listed as dis- 
tinguishing it from crassa crassa are actually 
found in the typical form. Later, Habeeb (1956) 
transferred crassa to the genus Pionella, probablv 
basing the change on the extensive secondary 
sclerotization found in Piona crassa and the 
described species of Pionella. The present author 
is not completely clear on the exact generic limits 
of Pionella, but feels that transferring crassa to 
the latter genus would create an extremely arti- 
ficial condition. A comparison of the genital 
field of crassa (fig. 94) and conglobata (fig. 101) 
will show how very similar they are if one is not 
misled by the very superficial character of 
secondary sclerotization. Several other  simi- 
larities between these two species will be discussed 
under P. conglobata. Thus, to place crassa in the 
genus Pionella and leave conglobata in Piona 
would separate these very closely related species 
into two different subfamilies. For the sake of 
a natural classification, the author feels that 
crassa should remain in the genus Piona. 


15. Piona conglobata (Koch) 
Figs. 95, 101, 103, 107, 128 
Piona conglobata wisconsinensis Marshall 1935, 

Wisconsin Acad. Sci. 29: 284 (NEW SYNONYMY). 

Male: Length between anterior end of first 
coxae and posterior end of excretory pore (which 
is fused with genital field) 418u-485u; apodemes 
between third and fourth coxae not extending to 
midline; genital field extending laterally far be- 
yond posterior corners of fourth coxae, width of 
genital field 309u-360u; genital opening small, 
located at anterior end of genital. field; with a 
shallow depression immediately behind genital 
opening, two pairs of setae located in this depres- 
sion (fig. 101); genital acetabula 13-20 on each 
side, with a pair of acetabula flanking the genital 
opening; integument very thick; dorsum with 
two pairs of small back plates, posterior pair 
smaller and sometimes fused with anterior pair; 
dorsal lengths of palpal segments, P-] 25yu-28uy, 
P-II 115y-123u, P-III 49u-56u, P-IV 97u-103u, 
P-V 5lu-54u; two setal tubercles on P-IV much 
enlarged (fig. 95); dorsal lengths of distal seg- 
ments of third leg, III-L-4, 143-155; III-L-5, 
172u-1S86u; III-L-6, 110u-115u; claws relatively 
unmodified; figure 103 illustrates chaetotaxy of 
ITI-L-6. 

Female: Length 535y-602u; width of genital 
field 461u—551lyu; genital acetabula 8-27 on each 
side; anteromedial pair of acetabula located on 
setae-bearing sclerites; posteromedial groups of 
acetabula located on a common sclerite; other ace- 
tabula lying free in integument (fig. 128); dorsum 
with two pairs of back plates, posterior pair much 
smaller than anterior pair; dorsal lengths of palpal 
segments, P-I 28u-30u, P-II 111-127, P-III 
54u-6Ou, P-IV 95u-1034, P-V 53u-58u; setal 
tubercles on ventral side of P-IV large (fig. 107); 
dorsal lengths of distal segments of first leg, I-L-4, 
139u-153u; [-L-5, 1474-164; I-L-6, 158u-167u 


Trans 
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This holarctic species is widely distributed in 
Europe and Asia. In North America it has been 
reported from Colorado, Michigan, Montana, 
Wisconsin and Wyoming. It inhabits lakes and 
permanent ponds. 

P. conglobata is closely related to P. crassa. 
Its males have fewer and larger acetabula than 
occur in crassa, and the acetabular plates are not 
joined with the fourth coxae by secondary 
sclerotization. Males of conglobata have two 
pairs of back plates instead of a large dorsal 
shield. In both species the palps (figs. 93, 95) 
and III-L-6 (figs. 103, 105) are very similar in 
structure, and differ chiefly in proportions. 

The females of conglobata are easily recognized 
by the two pairs of small, setae-bearing acetabular 
sclerites, with the remaining acetabula lying free 
in the integument (fig. 128). In P. crassa all 
acetabula lie on two pairs of plates (fig. 117). 
In both species the arrangements of the genital 
acetabula are almost identical, and in both species 
the anterior pair are located on setae-bearing 
sclerites. Mere secondary sclerotization in the 
region of the scattered acetabula in conglobata 
would produce a condition like that found in 
crassa. The similarities of the males have been 
discussed above. To place such closely related 
species in different subgenera would result in a 
very unnatural classification. Yet, as subgenera 
in Piona are generally accepted, conglobata would 
fall in the subgenus Dispersipiona, while crassa, 
with the acetabula lying on two pairs of plates, 
would be placed in Tetrapiona. 


16. Piona conglobatella new species 
Figs. 110, 113, 114, 115, 127, 138 
Piona debilis Marshall 1937, Trans. Wisconsin Acad. Sci. 

30: 226 (in part). 

Male: Length 401yu-452u; apodemes between 
third and fourth coxae not extending to midline; 
genital field broadly joined to fourth coxae; 
genital field extending laterally slightly beyond 
posterior corners of fourth coxae; genital field 
width 242u-277u; genital opening located near 
anterior end of genital field; with a shallow depres- 
sion immediately behind genital opening, two 
pairs of setae located in this depression (fig. 110); 
genital acetabula 10-19 on each side, with a pair 
of acetabula flanking the genital opening; dorsal 
lengths of palpal segments, P-I 26yu-30yu, P-I) 
1094-125, P-III 55yu-6Opn, P-IV 103u-119y, P-V 
44u-5lu; two moderately well-developed setal 
tubercles on ventral side of P-IV (fig. 114); dor- 
sal lengths of distal segments of third leg, III-L-4, 
147u-164u; ITI-L-5, 182y-194u, ITI-L-6, 103 
lllu; claws relatively unmodified; figure 113 
shows chaetotaxy of IJI-L-6. 

Female: Length 469u-602u; width of genital 
field 243u-299u; length of individual acetabular 
plates 118u-149u; genital acetabula 9-13 on each 
side (fig. 127); posterior pair of coxae widely 
separated; dorsum with a pair of narrow back 
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plates; dorsal lengths of palpal segments, P-I 26u 
3lu, P-IT 118-1274, P-III 56u-64y, P-IV 107u 
1234, P-V 48u-54y; figure 138 illustrates chaeto- 
taxy of palp; dorsal lengths of distal segments of 
first leg, I-L-4, 155y-174u; I-L-5, 167y-189u; 
I-L-6, 182u-204u; figure 115 shows chaetotaxy of 
I-L-5 and -6. 

Types: Holotype, adult male, collected in an 
overflow area of Wall Lake, Barry County, 
Michigan (T2N/R9W/S33), May 27, 1951; allo- 
type, adult female, same data; paratypes, 15 
males, 1 female, same data as holotype; 7 males, 
1 female, taken in Crooked Lake, Washtenaw 
County, Michigan (T2S/R3E/S5), May 8, 1951; 
1 male, 2 females, collected in a backwater area of 
Black Lake, Cheboygan County, Michigan 
(T36N,/R1E/S27), August 8, 1951. Although 
the above waters are part of large lakes, the mites 
were taken in shallow portions where conditions 
approached that of a permanent pond. 

The new species seems most closely related to 
P. conglobata. The structure of the area sur- 
rounding the genital opening (fig. 101, 110), 
palps (figs. 95, 114), and ITI-L-6 (figs. 103, 113) 
show striking similarities in the males. The male 
of conglobatella differs in that the acetabular plates 
are shorter, bear fewer acetabula, and the excre- 
tory pore is not joined to the genital field (fig. 
110). The female of conglobatella differs from 
females of both crassa and conglobata in that the 
genital acetabula are located on a single pair of 
sickle-shaped acetabular: plates (fig. 127), a 
characteristic which would place this species in 
Piona s.s. Following the subgeneric characteris- 
tics as presently defined, it would be necessary to 
place P. crassa, P. conglobata, and P. conglobatella, 
which (on characteristics of the male) seem very 
closely related, into separate subgenera. Experi- 
ence with other mites has shown that there is a 
great deal of variation in secondary sclerotization, 
even among very closely related species. It 
would seem that a much more natural classifica- 
tion could be arrived at within the genus Piona 
if characteristics of the male, such as structure 
of the palp, III-L-6, and area immediately sur- 
rounding the genital opening, are used rather 
than degree and type of secondary sclerotization 
in the acetabular region of the female. 

The mite described by Marshall (1937) as the 
female of Piona debilis is actually the female of 
the present species, and the range of the species 
is extended to include Wisconsin. 


17. Piona neumani (Koenike) 
Figs. 98, 102, 112, 116, 124 
Curvipes setiger Wolcott 1902, Trans. Amer. Microsc. 

Soc. 23: 243 (NEW SYNONYMY). 

Male (based on a single specimen): Length 
485u; apodemes between third and fourth coxae 
not extending to midline; genital field extending 
laterally beyond posterior corners of fourth 
coxae; width of genital field 301u, with a deep 
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genital pit located behind genital opening, width 
of genital pit 87u; genital acetabula 17 on each 
side, with a pair of acetabula located next to 
genital pit (fig. 116); dorsal lengths of palpal 
segments, P-I 30u, P-II 127y, P-III 59u, P-IV 
133, P-V 52u; P-IV with numerous setal tubercles 
on ventral side (fig. 102); dorsal lengths of distal 
segments of third leg, III-L-4, 174u; III-L-5, 
214u; III-L-6, 131y; figure 112 illustrates chaeto- 
taxy of III-L-6; dorsal lengths of distal segments 
of first leg, I-L-4, 158u; I-L-5, 168u; I-L-6, 192y. 

Female: Length 619u-718u; width of genital 
field 294u-351y; genital acetabula 10-16 on each 
side; anteromedial pair of acetabula located on 
setae-bearing sclerites; other acetabula either all 
located on small acetabular plates or with a few 
acetabula lying free in the integument (fig. 124); 
dorsum with a pair of small back plates; dorsal 
lengths of palpal segments, P-I 32u4—40y, P-II 
1274-158, P-III 66u-78u, P-IV 143u—-182yu, P-V 
S6u-G4y; ventral side of P-IV with two small, 
widely spaced setal tubercles (fig. 98); dorsal 
lengths of distal segments of first leg, I-L-4, 18S8u 
230u; I-L-5, 1964-233; I-L-6, 212u-249y. 

This Holarctic species is widely distributed in 
Europe and Asia, and in North America it has 
been taken in Michigan, Montana, Nebraska, 
Washington, and Wisconsin. P. neumani seems 
to be a resident of small ponds. 

Through the kindness of Dr. Kurt O. Viets, the 
author received several specimens of P. neumani 
from Germany. These were compared with 
specimens of setiger from Michigan and found to 
be identical. Since neumani is the older of the 
two names, P. setiger becomes a synonym. Were 
it not for the characteristic of the deep genital pit 
in the male (fig. 116), newmani could be easily 
related to crassa, conglobata and conglobatella. 
The isolated pair of genital acetabula flanking 
the genital pit in meumani is very similar to what 
is found in the three previously named species, 
although to a lesser extent in conglobatella. 
Comparison of III-L-6 of neumani (fig. 112) with 
those of conglobata (fig. 103) and conglobatella (fig. 
113) shows their striking similarities. Also, the 
setal tubercles on the palp of neumani (fig. 102) 
resemble those found in conglobata (fig. 95). 
The female of P. neumani (fig. 124) has the 
isolated pair of acetabula located on setae-bearing 
sclerites as in crassa and conglobata. The simi- 
larities of neumani to the previously described 
three species seem far to outweigh the differences. 
The author feels that the character of the genital 
pit mav have no real significance in determining 
phylogeny among members of the genus Piona, 
and it is possible that the genital pit has developed 
two or more times along different lines of evolution 
within the genus. 

18. Piona clavicornis (Mueller) 
Figs. 70, 80, 83, 87, 108, 111 


Male: Length 515y-594u; third and fourth 
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coxae separated medially; apodemes between 
third and fourth coxae not extending to midline; 
genital field extending laterally beyond posterior 
corners of fourth coxae; width of genital field 
358yu-393u, with a small, oval genital pit 48u-53y 
in width (fig. 111); several setae located on each 
side of acetabular plates anterior to genital pit; 
genital acetabula 10-18 on each side; dorsal 
lengths of palpal segments, P-I 37y-43y, P-II 
148u-169p, P-ILI 54yu-67u, P-IV 140u-164y, P-V 
32u-35u; P-IV swollen in middle, narrowed at 
both ends (fig. 70); dorsal lengths of distal seg- 
ments of third leg, III-L-4, 179u-199y; III-L-35, 
244u-259u; III-L-6, 140u-148u; figure 108 illus- 
trates end segments of third leg. 

Female: Length 558u-716u; width of genital 
field 364-554; genital acetabula 8-13 on each 
side; genital acetabula typically lying free in 
integument, although occasionally some postero- 
medial acetabula may be included on a common 
sclerite (fig. 80); pregenital sclerite very small; 
capitulum verv large; dorsal lengths of palpal 
segments, P-I 40u-45yu, P-II 213u-232y, P-III 
76u-Slu, P-IV 188u-213u, P-V 20u-26u; medial 
side of palp flattened (fig. 87), its lateral side 
rounded (fig. &3); dorsal lengths of distal seg- 
ments of first leg, I-L-4, 167u-180u; I-L-5, 200u- 
211; I-L-6, 219¢-232y. 

Piona clavicornis has a Holarctic distribution. 
In this country, the author has collected it in 
temporary ponds and marshy areas of lakes in 
Maryland and Michigan. The female of clavi- 
cornis may be easily recognized by the lack of 
acetabular plates, large capitulum and _ highly 
modified palps (figs. 83, 87). The male is 
characterized by its very small genital pit (fig. 
111) and by the structure of the palp (fig. 70). 


19. Piona constricta (Wolcott) 
Figs. 71, 74, 75, 78, 91, 96, 99 

Male: Length 498u-6994; apodemes between 
third and fourth coxae not extending to midline; 
genital field extending laterally beyond posterior 
corners of fourth coxae (fig. 96); width of genital 
field 244u-384u; with a large, deep genital pit 
SSu-128u in width; genital acetabula 8-12 on 
each side; dorsal lengths of palpal segments, P-I 
30u-39n, P-II] 90u-124u, P-I1I 40u-59pn, P-IV 
SSu-116yu, P-V 48u-67u; P-IT moderately inflated, 
with two medial setae placed one behind the 
other (fig. 75); setal tubercles well developed on 
P-I\V; P-V relatively sharp-pointed ; dorsal lengths 
of distal segments of first leg, I-L-4, 164yu-236u; 
I-L-5, 176-2374; I-L-6, 208u-264u; I-L-6 only 
slightly expanded towards distal end (fig. 91); 
dorsal lengths of distal segments of third leg, 
III-L-4, 192u-263u; IITI-L-5, 212u-299u; III-L-6, 
164y-183u; figure 99 illustrates III-L-6. 

Female: Length 628u-820u; width of genital 
field 262u-367u; genital acetabula 7-16 on each 
side, these usually located on acetabular plates 
similar to those shown in figure 74, but occasion- 
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ally acetabular plates are much narrower, being 
only one acetabulum in width; dorsal length of 
palpal segments, P-I, 30u-44u, P-II 99y-132u, 
P-III 44u-63u, P-IV 92u-136y, P-V 52yu-72u: 
P-II only moderately inflated, setal tubercles on 
ventral side of P-IV well developed, P-V relatively 
sharp-pointed (fig. 78); dorsal lengths of distal 
segments of first leg, I-L-4, 139u4-279u; I-L-5, 
157u-296u; I-L-6, 175-323: figure 71 illustrates 
chaetotaxy of end segments of first leg. 

P. constricta has been collected in temporary 
waters in Michigan, Minnesota, Montana, 
Nebraska, Wisconsin, and Ontario (but see 
remarks under this species). 

The mites described by Wolcott (1902) as 
Curvipes constrictus are members of the nodata 
complex of the Holarctic region. As in the Old 
World, the North American members of this 
complex are extremely variable and appear to 
have evolved into a number of morphologically 
distinct groups. At the present time it is im- 
possible to say whether these variations represent 
distinct species, subspecies, or only population 
differences. For the present, all members of the 
nodata complex from the United States with a 
relatively long, little expanded I-L-6 in males 
(fig. 91) and with the setal tubercles of P-IV well 
developed (figs. 75, 78) are listed as ‘“‘constricta.”’ 
Certain populations of ‘“‘constricta’’ were com- 
pared with specimens of nodata from Germany 
and found to be almost identical. Other popula- 
tions varied considerably from the European form. 
That the mites here lumped under the name 
‘‘constricla’’ may actually represent two or more 
species is indicated by the fact that from a single 
collection, made in a temporary pond in Lake 
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County, Michigan, rather long series of two very 
distinct size groups of ‘“‘constricta’”’ were taken. 
There was no overlapping in the measurements 
of the two groups, and since they were present in 
the same habitat at the same time, it certainly 
suggests that they are distinct species. However, 
little would be gained by giving them names at 
the present time. The author expects to make 
a separate study of the constricta-like mites at 
some future time when !ong series of specimens 
from a number of widely scattered localities are 
available 


20. Piona pinguipalpis, new species 
Figs. 76, 77, 79, 82, 104, 109 

Male: Length 471u-541u; apodemes between 
third and fourth coxae not extending to midline; 
genital field extending laterally slightly beyond 
posterior corners of fcurth coxae (fig. 104); width 
of genital field 279yu-332u, with a large, deep 
genital pit 92u-104u in width; genital acetabula 
7-12 on each side; dorsal lengths of palpal seg- 
ments, P-I 29u-34u, P-II 112u—-126u, P-III 47u 
60u, P-IV 94u-105u, P-V 48u-56u; P-II greatly 
inflated, with two medial setae placed one above 
the other (fig. 82); setal tubercles of P-IV poorly 
developed; P-V relatively sharp-pointed; dorsal 
lengths of first leg, I-L-4, 140y-152u; I-L-5, 
144u-159u; I-L-6, 172u-184y; I-L-6 moderately 
expanded towards distal end (fig. 109), usually 
with two swimming hairs on I[-L-5; dorsal lengths 
of distal segments of third leg, III-L-4, 184y 
194u; ITI-L-5, 2074-220u; III-L-6, 152u—-159x. 

Female: Length 524y-594u; width of genital 
field 261u-332u; genital acetabula 7-11 on each 
side, acetabular plates entending anteriorly as 
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Piona flatheadensis new species, ventral view, female 
P. socialis Marshall, palp, female. 
P. flatheadensis new species, palp, female 


P. loda new species, 
. floridana new species, palp, male. 
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I-L-5 & 6, female 


P. loda new species, ventral view, female 

P. haberba new species, ventral view, female 
P. spangleri new species, palp, female. 

P. haberba new species, palp, female 

P. floridana new species, palp, female 

P. debilis (Wolcott), palp, female. 
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P. spangleri new species, ventral view, female 
P. loda new species, palp, female. 

P. haberba new species, I-L-5 & 6, female 

P. floridana new species, ventral view, female. 
P. rotunda (Kramer), I-L-5 & 6, male. 

P. floridana new species, I-L-5 & 6, female. 

P. flatheadensis new species, I-L-5 & 6, femal 
P. inconstans (Wolcott), ventral view, female. 
socialis Marshall, ventral view, female. 
rotunda (Kramer), III-L-6, male. 


. 161.—P. debilis (Wolcott), ITI-L-6, male. 


. 162.—P. 


spangleri new species, I-L-5 & 6, female 


. 163.—P. inconstans (Wolcott), I-L-5 & 6, female. 
. 164.-——P. inconstans (Wolcott), palp, female. 


. 165.—P. 


rotunda (Kramer), 


ventral view, male. 
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far as pregenital sclerite (fig. 79); dorsal lengths 
of palpal segments, P-I 36u—41yu, P-II 128u-140z, 
P-III 56u-64u, P-1V 116u-126u, P-V 53u-60u; 
P-II greatly expanded, setal tubercles on P-IV 
poorly developed, P-V sharp-pointed (fig. 77); 
dorsal lengths of distal segments of first leg, 
I-L-4, 164u-176u; I-L-5, 163yu-184y; I-L-6, 184u 
203u; figure 76 illustrates chaetotaxy of I-L-5 
and -6. 

Types: cate adult male, collected in 
Kenk’s Pond No. 2 (temporary pond), Washtenaw 
County, Michigan (T3S/R6E/S23), March 17, 
1951; allotype, adult female, same data; para- 
types, 14 males, 28 females, same data. 

The male of pinguipalpis differs from the male 
of constricta as follows: the palp of pinguipal pis 
is much stockier, especially P-I], and the setal 
tubercles of P-IV are poorly developed (fig. 82) 
Also, the setae on the median surface of P-II are 
placed one above the other rather than one behind 
the other as in constricta, although this might be a 
characteristic of the type population only. The 
end segments of the first leg are much shorter in 
the new species and I-L-6 is somewhat expanded 
at the distal end (fig. 109). The female of 
pinguipalpis has a much stockier palp than 
constricta females, and the setal tubercles are 
poorly developed (fig. 77). The setae on the 
medial surface of P-II are placed one before the 
other in females of both species. The acetabular 


plates of pinguipalpis females extend laterally 


to posterior corners of fourth coxae (fig. 79), but 


not in constricta females (fig. 74). 


21. Piona mitchelli, new species 
Figs. 73, 81, 84, 88, 90, 92, 97, 100 


Male: Length 523u-594u; apodemes between 
third and fourth coxae not extending to midline: 
genital field extending laterally slightly beyond 
the somewhat rounded posterior corners of fourth 
coxae (fig. 90); width of genital a 332u-3844yu; 
with a large, deep genital pit 104u-123y in width; 
genital acetabula 11-17 on each side; dorsal 
lengths of palpal segments, P-I 36yu-48u, P-II 
128u-147y, P-III 64u-72yu, P-IV 116u-128yu, P-V 
60u-64u; setal tubercles of P-IV moderately de- 
veloped, P-V not sharply pointed (fig. 73); dorsal 
lengths of distal segments of first leg, I-L-4, 152u 
163u; I-L-5, 1584-179u; I-L-6, 176u-204u; I-L-6 
greatly expanded towards distal end (fig. 92); 
dorsal lengths of distal segments of third leg, 
III-L-4, 192u-216yu; III-L-5, 223u-248u; III-L-6, 
160u-178u; figure 100 illustrates I-L-5 and -6; 
claws at tip of third leg only slightly modified 
(fig. 97). 

Female: Length 637yu-786yu; width of genital 
field 296u-393u; genital acetabula 10-16 on each 
side, acetabular plates broad (fig. 84); anterior 
setae of genital field broadly joined with acetabu- 
lar plates in some specimens, narrowly joined in 
others; dorsal lengths of palpal segments, P-I 
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4iy-59u, P-II 156y-188u, P-III SOpu—-99u, P-IV 
156u-1894, P-V GS8y-S2u; palp relatively slender 
(fig. 88); P-IV only slightly narrower at distal end 
than at proximal end; setal tubercles on P-IV 
small, “claws” at tip of palp diverging; dorsal 
lengths of distal segments of first leg, I-L-4 
196u-228u; I-L-5, 199u-247y; I-L-6, 235y-280n; 
figure 81 illustrates chaetotaxy of end segments 
of first leg. 

Types: Holotype, adult male, collected in a 
sphagnum bog associated with Bullhead Lake, 
Barry County, Michigan (T3N/RSW/S19), April 
20, 1952; allotype, adult female, same data; 
paratypes, 10 males, 11 females, same data as 
holotype; 2 males, 5 females, taken in a huckle- 
berry bog, Lake County, Michigan (T17N 
R13W /S11), May 1, 1951; 3 females, collected in 
a tamarack bog, Livingston County, Michigan 
(TIN/R4E/S14), April 29, 1951. 

As shown by the structure of the genital field 
(fig. 90) and the modification of III-L-6 (fig. 97) 
in the male, P. mitchelli is related to the nodata 
group. Females of the new species may be easily 
distinguished from females of constricta and 
pinguipalpis by the comparatively long and thin 
segments of the palp (fig. 88) and the extremely 
wide acetabular plates (fig. 84). The male of 
mitchelli has the segments of the first leg shortened 
and I-L-6 is greatly expanded at the distal end 
(fig. 92). The palp of mitchelli differs in that the 
claw-like setae at the tip of P-V are separated 
rather than closely appressed (fig. 73). P 
mitchelli seems most c a related to P. insularis, 
described by Marshall (1924) from female mites 
collected in ia 4 sut differs from the latter in 
that the palp is much thinner and the acetabular 
plates are not as wide. 


22. + Piona variabilis (Koch) 
Figs. 120, 121, 174, 176, 187 


Male: Length 454y-51l5u; apodemes between 
third and fourth coxae not extending to midline; 
genital field separated from fourth coxae; genital 
field not extending laterally as far as posterior 
corners of fourth coxae; width of genital field 
227 u-279pu, genital field with a shallow genital pit, 
genital opening extending over one-half length of 
genital pit, two or three pairs of setae located in 
genital pit (fig. 176); genital acetabula 8-15 on 
each side; dorsal lengths of palpal segments, P-I 
24u-27u, P-II 99u-110u, P-III 49y-58yu, P-IV 
1O01u-116u, P-V 46u-54y; largest setal tubercle 
on P-IV pointing distally (fig. 174); dorsal lenghts 
of distal segments of third leg, III-L-4, 172u-187u: 
III-L-5, 216u-236u; ITI-L-6, 97u-108u; length of 
largest claw at distal end of third leg 68u-76u:; 
figure 187 illustrates chaetotaxy of III-L-6. 

Female: Length 559yu-663u; width of genital 
field 270u-349u; genital acetabula 10-19 on each 
side, anterior pair separated from others (fig. 121); 
dorsum with a pair of small back plates; dorsal 
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lengths of palpal segments, P-I 24y-33y, P-II 
106u-128u, P-III 52u-65y, P-IV 98u-129u, P-V 
48u-59u; figure 120 shows chaetotaxy of palp; 
dorsal lengths of distal segments of first leg, 
I-L-4, 180-195; I-L-5, 207u-224y; I-L-6, 219u 
236u; numerous swimming hairs on first leg. 

This Holarctic species is widely distributed in 
Europe and Asia. The author has taken vari- 
abilis in Big Duck Lake, Sugar Island, Chippewa 
County, Michigan (T46N/R2E/S26), and in a 
small lake northeast of Summit, Montana. The 
elongated claw at the tip of the third leg in males 
(fig. 187) suggests that variabilis is related to the 
rotunda group. The structure of the genital field 
(fig. 176) and the palp with the setal tubercles of 
P-IV pointing anteriorly and located near the 
distal end (fig. 174) separate males of this species 
from all other North American species of Piona. 
The genital field of the female (fig. 121) bears a 
resemblance to that of neumani (fig. 124), but the 
setal tubercles of P-IV differ greatly in the two 
species (figs. 98, 120) 


23. Piona rotunda (Kramer) 
Figs. 134, 135, 136, 155, 160, 165, 188 
Curvipes reighardi Wolcott 1902, Trans. Amer. Microsc. 
Soc. 23: 231 (NEW SYNONYMY). 

Male: Length 482u-583u; apodemes between 
third and fourth coxae not extending to midline; 
genital field extending laterally beyond posterior 
corners of fourth coxae (fig. 165): width of genital 
field 28lu-352u; acetabular plates joined to 
fourth coxae; genital acetabula 20-36 on each 
side; dorsum with a pair of small back plates; 
dorsal lengths of palpal segments, P-I 20u-30y, 
P-IT 103u-131y, P-III 51u--70u, P-IV 108u—-139p, 
P-V 5lyu-65u; ventral side of P-II only slightly 
convex, setal tubercles on P-IV moderately 
developed (fig. 188); dorsal lengths of distal seg- 
ments of third leg, III-L-4, 159u-210u; III-L-5, 
201u-256u; III-L-6, 1034-1194; claw at tip of 
third leg 56u—75yu in length; figure 160 illustrates 
III-L-6; dorsal lengths of distal segments of first 
leg, [-L-4, 126u-168u; [-L-5, 150u-205u; I-L-6, 
140u-173u; figure 155 illustrates chaetotaxy of 
[-L-5 and -6 

Female: Length 503u-543u; width of genital 
field 302u—-352yu; genital acetabula 16-31 on each 
side, most of these located on sickle-shaped 
acetabular plates, a few acetabula lving free in 
integument (fig. 135); dorsum with a pair of 
small back plates; dorsal lengths of palpal seg- 
ments, P-I 28u-30u, P-II 1284-140, P-III Glu 
7On, P-IV 131y—145u, P-V 65y-72u; figure 136 
illustrates chaetotaxy of palp; dorsal lengths of 
distal segments of first leg, I-L-4, 156u-177u; 
[-L-5, 189u-198u; I-L-6, 163u-187u; figure 134 
shows last two segments of first leg. 

Piona rotunda has a cosmopolitan distribution, 
and is widespread in lakes and permanent ponds 
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in the United States. Asin Europe, specimens of 
rotunda from this country are extremely variable, 
both within the same population and in different 
populations. P. reighardi, which was originally 
described from the female, seems to be only a 
variant of rotunda. The end segments of the 
first leg are relatively short and stocky in both 
sexes of P. rotunda and P-II is widest at the distal 
end (figs. 136, 188). The genital acetabula may 
be one or two rows in thickness in the female 
(fig. 135). 


24. Piona debilis (Wolcott) 
Figs. 125, 133, 137, 150, 161, 180, 184 


Male: Length 482u-563yu; apodemes between 
third and fourth coxae not extending to midline; 
genital field extending laterally beyond posterior 
corners of fourth coxae (fig. 184); width of genital 
field 282u—342u; acetabular plates joined to fourth 
coxae; genital acetabula 16-29 on each side; 
dorsal lengths of palpal segments, P-I 23u—28u, 
P-IIT 121y—-132u, P-III 56u—65y, P-IV 120u-131p; 
P-V 56u-64y; setal tubercles on ventral side of 
P-IV small (fig. 125); dorsal lengths of distal seg- 
ments of third leg, III-L-4, 203u-215y; III-L-5, 
233u-252u; III-L-6, 111lu-117y; claw at tip of 
third leg 74u—-S9u in length; figure 161 illustrates 
III-L-6; dorsal lengths of distal segments of first 
leg, I-L-4, 173yu-192u; I-L-5, 203u-225u; I-L-6, 
189u-210u; figure 180 illustrates chaetotaxy of 
last two segments of first leg. 

Female: Length 610u-694u; width of genital 
field 369u-387u; genital acetabula 20-24 on each 
side, most acetabula located on sickle-shaped 
acetabular plates, a few lying free in integument 
(fig. 133); dorsum with a pair of small back 
plates; dorsal lengths of palpal segments, P-I 
31yu-35u, P-II 145y-159u, P-III GS8y-72y, P-IV 
151u-158u, P-V 7Ou-74u; figure 150 illustrates 
chaetotaxy of palp; dorsal lengths of distal seg- 
ments of first leg, I-L-4, 215u-229u; I-L-5, 238u 
248u; I-L-6, 210u-233u; figure 137 shows chaeto- 
taxy of I-L-5 and -6. 

‘ona debilis is known from Massachusetts, 
michigan, Montana, North Carolina, Washing- 
ton, and Wisconsin. The habitat preferences of 
this species are lakes and permanent ponds. The 
original description of debilis is inadequate and 
the slide of the holotype is difficult to work with. 
However, the mites described above probably are 
of the species with which Wolcott (1902) was 
dealing. Piona debilis differs from rotunda in 
that the end segments of the first leg are much 
longer and narrower and bear many swimming 
hairs (figs. 137, 180), and the segments of the palp 
are longer and narrower (figs. 125, 150). Indi- 
viduals of both sexes of the present species are 
much larger than rotunda. The mite described 
by Marshall (1937) as the female of debilis is 
actually the female of P. conglobatella 
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25. Piona spinulosa (Wolcott) 
Figs. 123, 131, 139, 168, 172, 179 
Curvipes medius Wolcott 1902, Trans. Amer. Microsc. 

Soc. 23: 229 (NEW SYNONYMY). 

Male: Length 442u-543u; apodemes between 
third and fourth coxae not extending to midline; 
genital field extending laterally far beyond pos- 
terior corners of fourth coxae (fig. 179); width of 
genital field 296yu-362u, acetabular plates joined 
to fourth coxae; genital acetabula 29-49 on each 
side; dorsal lengths of palpal segments, P-I 23u 
28u, P-IT 117-136, P-[II 56u-67u. P-IV 122u 
145u, P-V 56u-65u; ventral side of P-II very con- 
vex (fig. 172); setal tubercles of P-IV well devel- 
oped; dorsal lengths of distal segments of third 
leg, ITI-L-4, 168u-192y; III-L-5, 197p~-224u; III- 
L-6, 9Su-116u; claw at tip of third leg 56u—65y in 
length (fig. 168); dorsal lengths of distal segments 
of first leg, I-L-4, 140u-164u; I-L-5, 159u-183yu:; 
I-L-6, 145yu-168xz. 

Female: Length 583u-669u; width of genital 
field 362u—402u; genital acetabula 25-37 on each 
side, most acetabula located on sickle-shaped 
acetabular plates, a few lving free in the integu- 
ment; acetabula two or three rows deep at pos- 
terior end of acetabular plates (fig. 139); dorsum 
with a pair of small back plates; dorsal lengths of 
palpal segments, P-I 28y-3ly, P-II 154u-175p, 
P-III 65y-74p, P-IV 168u-192u, P-V 79u-S6y; 
ventral side of P-II strongly convex, setal 
tubercles on P-IV well developed (fig. 123) 
dorsal lengths of distal segments of first leg, 
[-L-4, 192y-234u; I-L-5, 201u—243u; I-L-6, 187u 
215u: figure 131 shows chaetotaxy of two end 
segments of first leg 

This species has been reported from Illinois, 
Indiana, Louisiana, Massachusetts, Michigan, 
Wisconsin, and Ontario. It has been coilected 
in lakes and permanent ponds. Wolcott (1902) 
described males of this species as Curvipes 
spinulosus and females as C. medius. Curvipes 
spinulosus has page priority over medius and is 
retained as the valid name. The extremely con- 
vex ventral surface of P-II in both sexes (figs. 
123, 172) distinguishes the present species from 
all other members of the rotunda group in North 
America 

26. Piona haberba, new species 
Figs. 129, 146, 148, 153, 171, 186 

Male: Length 401p-437u; third and fourth 
coxae touching medially: apodemes between third 
and fourth coxae not extending to midline; genital 
field extending laterally beyond posterior corners 
of fourth coxae (fig. 186); width of genital field 
244u-271u; acetabular plates joined to fourth 
coxae; genital acetabula 20-27 on each side: 
capitulum relatively large; dorsum with a pair of 
small back plates; dorsal lengths of palpal seg- 
ments, P-I 24u-26u, P-II 110u-117u, P-III 49u 
5S6u, P-IV S8u-96u, P-V 45u-49u; palp relatively 
short and stocky, P-II greatly swollen (fig. 129): 
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dorsal lengths of distal segments of third leg, 
ITI-L-4, 148u-162u; III-L-5, 180u—-188u; III-L-6, 
103u-108u; ITI-L-6 relatively straight and not 
expanded at distal end; figure 171 illustrates 
modification of claws at tip of third leg; dorsal 
lengths of end segments of first leg, I-L-4, 132u 
141; I-L-5, 151u-158yu; I-L-6, 140u—-148y. 

Female: Length 436u-489u; width of genital 
field 262u-302u; genital acetabula 15-32 on each 
side, most acetabula located on sickle-shaped 
acetabular plates, a few acetabula lying free in 
integument (fig. 146); dorsum with a pair of 
small back plates; dorsal lengths of palpal seg- 
ments, P-I 24u-27u, P-II 116u-132u, P-III 55y 
Dim, P-IV 110u-124u, P-V 56u—-60u; figure 148 
shows chaetotaxy of palp; dorsal lengths of distal 
segments of first leg, I-L-4, 138u-156u; I-L-5, 
150u-168u, I-L-6, 1484-168"; figure 153. illus- 
trates chaetotaxy of end segments of first leg. 

Types: Holotype, adult male, Crooked Lake, 
Washtenaw County, Michigan (T2S/R3E/S5), 
May 8, 1951; allotvpe, adult female, same data; 
paratypes, + males, 2 females, same data as 
holotype; 1 male, 2 females, taken by Rodger D. 
Mitchell (Lot No. 421) on the Edwin S. George 
Reserve, Livingston County, Michigan. 

Males of the new species may be distinguished 
from other members of the rotunda group by the 
short, very stocky segments of the palp, especially 
P-V (fig. 129). The acetabular plates of the 
female are rounded laterally rather than somewhat 
angular as in other rotunda group females (fig. 
146). 


27. Piona loda, new species 
Figs. 130, 143, 145, 152, 177, 182 

Male: Length 401u-437u; apodemes between 
third and fourth coxae not extending to midline; 
genital field extending laterally slightly beyond 
posterior corners of fourth coxae (fig. 177); width 
of genital field 235u-271u, acetabular plates 
joined to fourth coxae; genital acetabula 13-25 
on each side; excretory pore fused with genital 
field; dorsum with two pairs of small back plates, 
these sometimes fused into a single pair; dorsal 
lengths of palpal segments, P-I 22u-24y, P-II 
99u-108u, P-III 46u-53u, P-IV 100u-109u, P-V 
54u-H4u; setal tubercles of P-IV well developed 
(fig. 182); dorsal lengths of distal segments of 
third leg, IJI-L-4, 152y—-172u; ITI-L-5, 176u-197n: 
III-L-6, 100u-109u; claw at tip of third leg 
relatively short, 34u-39u in length (fig. 130); dor- 
sal lengths of end segments of first leg, I-L-4, 
116y-136u; I-L-5, 131y-152u; I-L-6, 130u-148p. 

Female: Length 4804-533; width of genital 
field 279u-341yu; genital acetabula 15-24 on each 
side, most acetabula located on sickle-shaped 
acetabular plates, a few lying free in integument 
(fig. 145); dorsum with a pair of kidney-shaped 
back plates; dorsal lengths of palpal segments, 
P-I 28u-32u, P-I] 1244-138, P-III GS8y—-72y, 
P-IV 123u-140u, P-V SOu-S3u; figure 152 illus- 
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trates chaetotaxy of palp; dorsal lengths of distal 
segments of first leg, I-L-4, 156yu-164u; I-L-35, 
159u-175u; I-L-6, 160u-172u; figure 143 shows 
end segments of first leg. 

Types: Holotype, adult male, collected in 
Polson Bay area of Flathead Lake, Lake County, 
Montana, June 29, 1954; allotype, adult female, 
same data; paratypes, 4 males, 7 females, same 
data as holotype; 4 males, 3 females, taken in 
McWinnegar’s Slough, Flathead County, Mon- 
tana, July 2, 1954; 1 male, collected in a pond 
one mile south of Kalama, Kowlitz County, 
Washington, August 12, 1954. 

This species has been taken in lakes and per- 
manent ponds. Males of loda may be dis- 
tinguished from males of other rotunda group 
species by their well-developed setal tubercles on 
P-IV (fig. 182) and the excretory pore joined to 
the genital field (fig. 177). 


28. Piona socialis Marshal! 
Figs. 126, 141, 159, 189, 190 


Male: Length 533yu-594u; third and fourth 
coxae touching medially; apodemes between 
third and fourth coxae not extending to midline; 
genital field extending laterally well bevond 
posterior corners of fourth coxae; width of 
genital field 342u-402u; acetabular plates broad 
(fig. 190), with 33-53 genital acetabula on each 
side; dorsum with a pair of small, narrow back 
plates; dorsal lengths of palpal segments, P-I 
28u-33u, P-IT 124yu-13ly, P-ITT 56u-70u, P-IV 
123u-13lu. P-V 60u-G68u; figure 189 illustrates 
chaetotaxy of palp; dorsal lengths of distal seg- 
ments of third leg, III-L-4, 187u-215u; III-L-5, 
234y-271u; III-L-6, 108u-1264; claw at tip of 
third leg 73u-76u in length; figure 126 illustrates 
II[-L-6; dorsal lengths of distal segments of 
first leg, I-L-4, 138-1734; I-L-5, 168u-205y; 
I-L-6, 1734-1874 

Female: Length 738u-754u; width of genital 
field 452u-488u; genital acetabula 33-45 on each 
side; most acetabula located on sickle-shaped 
acetabular plates of two or three acetabular rows 
in width, a few acetabula lying free in integument 
(fig. 159); dorsum with a pair of small back 
plates; dorsal iengths of palpal segments, P-I 
32u-42u, P-II 1674-1734; P-III 77u-S8Op, P-IV 
172u--178u, P-V SSu-96u; figure 141 illustrates 
chaetotaxy of palo; dorsal lengths of distal seg- 
ments of first leg, I-L-4, 215y-248y: I-L-5, 234u 
262u; [-L-6, 215u—-248y. 

The type locality of this species is Lake 
McDonald in Glacier National Park, Montana. 
The author has taken socialis in Flathead Lake, 
Montana, and in a small lake in Becker County, 
Minnesota. Piona socialis is one of the largest 
of the North American members of the rotunda 
group and is characterized by a large number of 
acetabula in both sexes. There are six to eight 
rows of acetabula in the male (fig. 190), and the 
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acetabular plates of the female extend far beyond 
the posterior corners of the fourth coxae (fig. 159). 


29. Piona flatheadensis, new species 
Figs. 119, 122, 149, 142, 157, 173 

Male: Length 576u-629u: third and fourth 
coxae slightly separated medially; apodemes be- 
tween third and fourth coxae not extending to 
midline; in some specimens genital field extending 
laterally to or slightly beyond posterior corners 
of fourth coxae (fig. 173); width of genital field 
270u-314u; genital opening somewhat variable in 
shape, length 4tu-6lu; genital opening often 
longer and narrower than shown in figure 173: 
genital acetabula 13-27 on each side; capitulum 
relatively small; dorsum with a pair of small, 
narrow back plates; dorsal lengths of palpal seg- 
ments, P-I 27u-35y, P-IT 124u-140u, P-IIT Gly 
72yu, P-IV 128u-145u: P-V 65u-69u; figure 122 
illustrates chaetotaxy of palp; dorsal lengths of 
distal segments of third leg, IT[-L-4, 235yu-271u; 
ITI-L-5, 262u-279u; III-L-6, 140u-150u; main 
claw at tip of third leg with two smaller clawlets 
(fig. 119); dorsal lengths of distal segments of 
first leg, I-L-4, 196y-228y; I-L-5, 227y-258m: 
I-L-6, 197u-239u. 

Female: Length 695yu-72lu; width of genital 
field 338u-349yu; genital acetabula 14-21 on each 
side; most acetabula lIving on sickle-shaped 
acetabular plates, a few lying free in integument 
(fig. 140); dorsum with a pair of small, narrow 
back plates: dorsal lengths of palpal segments, 
P-I 32u-39u, P-II 156u--172u, P-III 71pu-78p, 
P-IV 159u-172u, P-V SOu—-S8u; figure 142 illus- 
trates chaetotaxy of palp; dorsal lengths of distal 
segments of first leg, I-L-4, 244u-263u: I-L-5, 
277 u-288u; I-L-6, 2444u-279u; figure 157 shows 
chateotaxy of I-L-5 and -6. 

Types: Holotype, adult male, collected in 
Polson Bav area of Flathead Lake, Lake County, 
Montana, June 29, 1954; allotype, adult female, 
same data; paratypes, 24 males, 13 females, same 
data as holotype. 

Males of the present species differ from other 
males of the rotunda group in their relatively large 
size, short acetabular plates (fig. 173), and the 
presence of a small secondary clawlet on large 
claw of III-L-6 (fig. 119) in most males. The 
females (fig. 140) are characterized by large size 
and the fact that the acetabular plates do not 
extend bevond the posterior corners of the fourth 
coxae. 


30. Piona inconstans (Wolcott) 
Figs. 158, 163, 164, 178, 181, 183, 185 


Male: Length 392u-432u; third and fourth 
coxae separated medially; apodemes between 
third and fourth coxae not extending to midline; 
genital field extending laterally bevond posterior 
corners of fourth coxae (fig. 185); width of genital 
field 236u-262u; acetabular plates touching fourth 
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coxae; genital acetabula 15-20 on each side; 
capitulum relatively large: dorsal lengths of pal- 
pal segments, P-I 23u-28u, P-II 112u—122u, 
P-III 56y-63u4, P-IV 112u-135u, P-V 53u-56u: 
figure 183 illustrates chaetotaxy of palp; dorsal 
lengths of distal segments of third leg, III-L-4. 
1594-1794; ILI-L-5, 192u-206u; III-L-6, 98u 
107; claw at tip of third leg 564-70 in length; 
figure 181 shows III-L-6; dorsal lengths of end 
segments of first leg, I-L-4, 131lu-150u; I-L-5, 
158u-187u; I-L-6, 145yu-164u; figure 178 illus- 
trates the chaetotaxy of I-L-5 and -6. 

Female: Length 513y-543y; width of genital 
field 292u-331u; genital acetabula 14-19 on each 
side, the most anterior two, three, or four 
acetabula of each side located on a separate 
setae-bearing sclerite, most remaining acetabula 
on sickle-shaped acetabular plates, a few Iving 
free in integument (fig. 158); dorsal lengths of 
palpal segments, P-I 28u-32u, P-II 142u-154u, 
P-III 65u-75yu, P-IV 156y--168u, P-V 72u-79u- 
figure 164 illustrates chaetotaxy of palp; dorsal 
lengths of distal segments of first leg, I-L-4, 166 
182u; I-L-5, 189u-198u; I-L-6, 182u-187u; figure 
163 shows chaetotaxy of I-L-5 and -6. 

Marshall (1935) reported inconstans from 
Florida, I!linois, Louisiana, Maine, Massachusetts, 
Michigan, Missouri, Nebraska, Ontario, and 
Alaska. It is possible that the Florida records 
may. actually belong to the following species, 
rather than to inconstans. This species has been 
taken in lakes and permanent ponds. The 
females of inconstans have two separate acetabular 
plates on each side (fig. 158), which would place 
them in Tetrapiona. The male of inconstans 
resembles the male of rotunda, but I-L-5 is longer 
and narrower (compare figs. 155, 178). 
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Piona floridana, new species 
’ I 
Figs. 144, 149, 154, 156, 169, 170 


Male: Length 402u-453yu; apodemes between 
third and fourth coxae not extending to midline; 
genital field usually extending laterally approxi- 
mately to posterior corners of fourth coxae, 
although in some specimens not quite to corners, 
and in others slightly beyond (fig. 170); width of 
genital field 186u-231yu, acetabular plates broadly 
joined to fourth coxae; genital acetabula 8-14 on 
each side; dorsum with a pair of small back 
plates; dorsal lengths of palpal segments, P-I 
19u-22u, P-Ii 104u-119u, P-III 49u-Glu, P-IV 
103u-121u, P-V 50u-59u; figure 144 shows 
chaetotaxy of palp; dorsal lengths of distal seg- 
ments of third leg, III-L-4, 152u—-166u; III-L-5, 
183u-203u; III-L-6, 93u-108u; length of claw at 
tip of third leg 56u-71lu; figure 169 illustrates 
III-L-6; dorsal lengths of end segments of first 
leg, I-L-4, 126u-142u; I-L-5, 145y-173u; I-L-6, 
140u-161y. 

Female: Length 487y-563u; width of genital 
field 221u—262u; genital acetabula 8-13 on each 
side; typically anterior two (occasionally three) 
acetabula of each side located on a setae-bearing 
sclerite, remaining acetabula on an acetabular 
plate, occasionally with one or two lying free in 
integument (fig. 154); dorsum with a pair of 
small back plates; dorsal lengths of palpal seg- 
ments, P-I 25u-28u, P-II 122u-138y, P-III Glu 
6Su, P-IV 124yu-133u, P-V 63u-70u; figure 149 
shows chaetotaxy of palp; dorsal lengths of distal 
segments of first leg, I-L-4, 150u-168u; I-L-5, 
166u-183u; I-L-6, 161u-178u; figure 156  illus- 
trates I-L-5 and -6 

Types: Holotype, collected in 


adult male, 


EXPLANATION OF PLATE VIII 


Fic. 166. 


Piona spangleri new species, ventral view, male. 


Fic. 167.—P. spangleri new species, palp, male. 


Fic. 168.—P. 
Fic. 169.—P. 
Fic. 170.—P. 
Fic. 171.—P. 
Fic. 172.—P. 
FIG. 
Fic. 174.—P. 
Fic. 175.—P. 
Fic. 176.—P. 
Fic. 177.—P. 
Fic. 178.—P. 
Fic. 179.—P. 
Fic. 180.—P. 
Fic. 181.—P. 
Fic. 182.—P. 
Fic. 183.—P. 
Fic. 184.—P. 
Fic. 185.—P. 
Fic. 186.—P. 
Fic. 187.—P. 
Fic. 188.—P. 
Fic. 189.—P. 
Fic. 190.—P. 


spinulosa (Wolcott), III-L-6, male. 

floridana new species, III-L-6, male. 
floridana new species, ventral view, male. 
haberba new species, III-L-6, male. 

spinulosa (Wolcott), palp, male. 

173.—P. flatheadensis new species, ventral view, male. 
variabilis (Koch), palp, male. 

spangleri new species, III-L-6, male. 
variabilis (Koch), 
loda new species, ventral view, male. 
inconstans (Wolcott), I-L-5 & 6, male. 
spinulosa (Wolcott), ventral view, male. 
debilis (Wolcott), I-L-5 & 6, male. 
inconstans (Wolcott), III-L-6, male. 

loda new species, palp, male. 

inconstans (Wolcott), palp, male. 

debilis (Wolcott), ventral view, male. 
inconstans (Wolcott), ventral view, male. 
haberba new species, ventral view, male. 
variabilis (Koch), III-L-6, male. 

rotunda (Kramer), palp, male. 

socialis Marshall, palp, male. 

socialis Marshall, ventral view, male. 


ventral view, male. 
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Lake Tsala Apopka, within the city limits of 
Inverness, Citrus County, Florida, December 21, 
1955; allotype, adult female, same data; para- 
types, 2 males, 11 females, same data as holo- 
type; 9 males, taken in a permanent pond in 
Pinellas County, Florida, December 24, 1955. 
Piona floridana seems most closely related to 
inconstans. The female of floridana has the 
anterior and posterior acetabula on _ separate 
plates (fig. 154) as in the latter species, but the 
acetabular plates extend laterally only to the 
posterior corners of the fourth coxae and the 
setal tubercles of P-IV are poorly developed (fig. 
149). The acetabular plates of the male floridana 
extend laterally even with, or only slightly be- 
vond, the posterior corners of the fourth coxae 


32. Piona spangleri, new species 
Figs. 147, 151, 162, 166, 167, 175 

Male: Length 716u-778u; apodemes between 
third and fourth coxae not extending to midline; 
genital field extending laterally even with, or 
slightly bevond posterior corners of fourth coxae 
(fig. 166); width of genital field 341u-358y; 
acetabular plates narrowly joined to fourth coxae; 
genital acetabula 20-25 on each side; genital 
opening long and narrow; dorsum with a pair of 
small back plates; dorsal lengths of palpal seg- 
ments, P-I 48u-5lu, P-II 172u—-182u, P-III S4yu 
S9u, P-IV 152u-166u, P-V 51-534; P-II with 
only one medial seta, setal tubercles on P-IV well 
developed; figure 167 illustrates medial side of 
palp; dorsal lengths of distal segments of third 
leg, III-L-4, 262u-271u; III-L-5, 261-271, 
ITI-L-6, 127y-132u; length of claw at tip of third 
leg 82u-96u; figure 175 illustrates III-L-6; dorsal 
lengths of distal segments of first leg, I-L-4, 
227 y-244u; I-L-5, 261u-278u; I-L-6, 242u-260xn. 

Female (based on a single specimen): Length 
68Ou; width of genital field 358u; genital acetabula 
17 on each side, but a longer series would doubt- 
less show a variable number; figure 151 illustrates 
genital field; dorsum with a pair of small back 
plates; dorsal lengths of palpal segments, P-I 
$4u, P-II 138u, P-III GS8yu, P-IV 146y, P-V 56y; P-II 
with only one medial seta, setal tubercles on P-IV 
moderately developed; figure 147 shows medial 
side of palp; dorsal lengths of distal segments of 
first leg, I-L-4, 226u; I-L-5, 271u; I-L-6, 253n: 
figure 162 illustrates chaetotaxy of I-L-5 and -6 

Types: Holotype, adult male, collected by 
Paul Spangler in a fresh-water pond near Boone’s 
Lick, Petersburg, Missouri, March 12, 1955; allo- 
type, adult female, same data; paratypes, 2 males, 
same data. Holotype and allotype wil! be 
deposited in the Entomological }Collection of the 
University of Missouri 

The structure of the palp will separate both 
sexes of spangleri from all other known North 
American species of Piona. The median side of 
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P-II has only one seta (figs. 147, 167), rather than 
two or more as in other species. Except for the 
palpal character, the present species bears a 
superficial resemblance to P. flatheadensis. 


33. Piona linguaplax Crowell 

This very interesting and unusual species of 
Piona was described in a recent, easily accessable 
journal by Crowell (1953) and is not redescribed 
here. P. linguaplax is known from temporary 
ponds in North Carolina. 

There are also doubtful records of two other 
species from North America. Wolcott (1902) 
listed the European species obturbans from the 
vicinity of New Orleans, Louisiana. This record 
was based on Wolcott’s identification of two 
rotunda-group female mites, and while ob/urbans 
may occur in North America, it seems best to 
consider this doubtful pending the capture of 
males. Koenike (1895) reported the South and 
Central American species Piona guatemalensis 
(Stoll) from Canada. Again identification was 
based on females only; probably Koenike was 
dealing with some North American species of the 
rotunda group. 
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ECOLOGICAL OBSERVATIONS ON THE INSECTS AND OTHER INHABITANTS 
OF WOODY SHELF FUNGI (BASIDIOMYCETES: POLYPORACEAE) 
IN THE CHICAGO AREA' 


ROBERT 


C: 


GRAVES? 


ABSTRACT 


Berlese-funnel techniques extracted roughly 40,000 
animals from conks of 14 polypore species, obtained 
principally in the Chicago area. A check-list of the 
animals includes nematodes (unidentified further), a 
very few snails, and arthropods representing 5 classes, 
14 orders, and some 70 families, among which approxi- 
mately 90 genera and 70 species were identified definitely. 
Acarina, Collembola, and Coleoptera were the dominant 
orders. Certain species of Diptera, Corrodentia, Thy- 
sanoptera, and parasitic Hymenoptera also were of con- 


The polyporous fungi, especially the woody and 
perennial forms, provide a microhabitat in which 
many organisms, including numerous small 
arthropod species, spend a part or all of their 
lives. These fungi, as a habitat, furnish their 
inhabitants with food either directly or indirectly, 
with shelter, and with breeding places. Little 
information is available regarding the nutritional 
value of the Polyporaceae, but they provide the 
chief or the sole food supply for many insect 
species and for billions of individuals. Animals 
that shelter in them are buffered from certain 
extremes of the external environment (see micro- 
climatic studies in Graves 1956). 

Several authors (Donisthorpe 1931, 1935: 
Moennich 1940: Weiss 1920a, 1920b, 1922, 1924: 
Weiss and West 1920a, 1922) have listed insect 
species—almost exclusively beetles—found on 
various fungi. Certain aspects of the ecology of 
some mycetophagous beetles have been studied 
by Park (1931), Park et al. (1931), Park and 
Keller (1932), and Park and Sejba (1935). Other 
contributions on the relationships between Coleop- 
tera and fungi have been made by von Lengerken 
(1921), Roubal (1947), Roussin (1947), Strouhal 
(1926), Weiss (1920c), and Weiss and West (1921). 
A few authors (Scheerpeltz and Hofler 1948; 
Benick 1952; Rehfous 1955a) have produced 
detailed monographs on the Coleoptera associ- 
ated with fungi. Only a few papers have dealt 
with the entire order Coleoptera as related to 
fungi; most were highly specific. 

In comparison with the Coleoptera, other 
groups have been neglected, though some were 
treated by Ferriére (1955), Rehfous (1955b), 
Simonet (1955), and Thomas (1929). The best- 
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siderable importance. Host-species specificity was 
found uncommon in this fauna. The habitat goes through 
a series of stages associated with changes caused by insect 
attack and decomposition of the conk, and there is a 
definite succession in the fauna associated with this 
decomposition. The paper includes observations on 
ecology and behavior of several insects, a discussion of 
the role played by some of them in the community, and 
a partial food-web based on observations and on data 


in the literature. 


worked group of fungus inhabitants is the beetles, 
and the most numerous of all the polypore- 
dwellers, the Acarina and the Collembola, have 
been virtually ignored. The present paper at- 
tempts to present more nearly an overall picture, 
and includes numerous diverse groups of polypore 
inhabitants. Bacteria, other fungi, Protozoa, 
and other microscopic organisms are excluded, 
however. 

The animals associated with fungi (myceto- 
coles) have been classified (Benick 1952; Scheer- 
peltz and Hofler 1948) in three main categories, 
namely, mycetobionts, mycetophiles, and my- 
cetoxenes. This classification is followed here. 
Animals which can not complete their develop- 
ment without utilizing the fungus as food (ob- 
ligatory fungus inhabitants) are known as my- 
cetobionts. Beetles of the family Cisidae are 
typical mycetobionts, feeding upon the fungus 
host both as larvae and as adults and completely 
dependent upon it for food, shelter, and a breed- 
ing place. Mycetophiles are not absolutely 
dependent upon fungi. They may feed upon 
fungus-dwellers, or may seek fungi for other 
reasons, but they can exist elsewhere. Such 
facultative mycetocoles are represented by 
Bolitobius, Atheta, Conosoma, and certain other 
Staphylinidae (Benick 1952). Animals found 
occasionally in and around fungi, but which are 
simply chance visitors, perhaps using the fungus 
for shelter once they are there, are termed 
mycetoxenes. Examples of these fortuitous my- 
cetocoles are snails, isopods, and certain groups 
of beetles, among others. 


THE HOSTS 


Most polypores, strictly speaking, are sapro- 
phytes, since the host cells invaded by their 
hyphae are no longer living; some species live 
only on the wood of dead trees and on lumber. 
Some, however, attack only the sapwood of 


living trees, causing ‘“‘sap rot’’ which leads to the 
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death of the host, and others attack the heart- 
wood in living trees. 

The most primitive forms of polypores seem to 
have borne simple and resupinate spore-fruits, 
but more complex types that have developed 
through evolution (Bessey 1950) include many 
shelf-like forms commonly seen protruding from 
trunks or branches of trees, or along dead and 
rotten logs. These sporefruits are called conks, 
and many of them are edible when not too tough 
(Pomerleau 1951). 

In the shelf-like species the conk consists of a 
woody, leathery, or corky structure, usually with 
a waterproof upper covering. The under side, 
smooth when young, soon develops great num- 
bers of vertical pits or pores, within which the 
basidia are located and through which the 
spores escape into the open air (Bessey 1950). 
Fantastic numbers of these spores may be pro- 
duced. Buchwald and Helmers (1946) reported 
one specimen of Polyporus as discharging 250 
billion spores in 10 days. In perennial species 
new layers of pores are formed beneath the older 
ones during successive seasons, so that old conks 
may become very thick, and their age can be 
determined by the number of layers present 
provided the older ones have not rotted away. 

In the Great Lakes region, where this work was 
done, the chief genera of shelf fungi are Poria, 
Polyporus, and Fomes. The classification follow- 
ed in this study is that of Graham (1944). 


SUCCESSIONAL THE CONK MICROSERE 

The ecological conditions within a conk do not 
remain the same throughout the existence of the 
structure as a distinct entity. Due to the de- 
velopment, aging, and decomposition of the spore- 
fruit, a regular succession occurs, as in logs 
(Shelford 1913; Daggy 1946), tree holes (Park 
et al. 1950), etc 

Park (1931) discussed changes due to age in 
Hydnum septentrionale, and Benick (1952) has 
also discussed successional changes in fungi. But 
polypore conks are generally of a more resistant 
nature than Hydnum, often persisting for several 
years, and the Agaricaceae and Polyporaceae 
differ somewhat in their microseral succession. 
The author offers the following classification of 
stages, applicable particularly to the Polyporaceae 
(see figure 1). 

Stage I covers the period from the first appear- 
ance of the young spore-fruit up to the develop- 
ment of ripe spores. During stage II the fungus 
actively produces and disseminates ripe spores 
The beginning of tissue breakdown in the conk 
inaugurates stage III, during which an extremely 
heavy infestation of insects and other small 
arthropods is obtained. In dry weather the conk 
then passes into stage [Va, in which it becomes 
desiccated, and this dried-up conk, often riddled 
with insect burrows or entirely hollowed out, may 
persist for an indefinite period of time. If the 
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environment is wet, a stage III or a stage IVa 
conk passes into stage IVb, the rotting stage, 
during which it rapidly decays due to the action 
of bacteria, molds, and other fungi, aided by the 
burrowing and feeding of numerous _ insects, 
nematodes, and other faunal elements. Stages 
IVa and IVb both lead eventually to stage V, 
the mounding stage, in which the conk becomes 
indistinguishable from the forest floor, and 
becomes inhabited by common forest-floor organ- 
isms. The transition from one stage to the next 
is a gradual one, and no sharply defined lines of 
demarcation can be drawn. 


MATERIALS AND METHODS 
The numerous conks collected represented 3 
genera and at least 13 species of Polyporaceae, as 
follows: Fomes applanatus (Pers.) Wall., Fomes 
connatus (Gill.) Weinm., Fomes fomentarius (Gill.) 
L., Fomes fraxineus (Fr.) Bull., Fomes fraxino- 
philus Peck, Polyporus gilvus (Fr.) Schw., Poly- 
porus lucidus (Fr.) Leyss., Polyporus pergamenus 
Fr., Polyporus resinosus (Fr.) Schrad., Polyporus 
sulphureus (Fr.) Bull., Polyporus (tulipiferus 
(Overh.) Schw., Polyporus versicolor (L.) Fr., and 
Poria sp. A collection number (1, 2, etc.) was 
assigned to each conk or group of conks collected 
at a given time and place. Table 1 summarizes 
the collection data 

In general, the collecting procedure was as 
follows. A fungus conk was located and broken free 
from the tree or log where it grew, and any iarge 
pieces of bark or wood that might have remained 
attached to it were removed. Before any of the 
organisms could escape, the conk was placed in a 
plastic bag, which was then tightly secured with 
a rubber band. As soon as it could be taken to 
the laboratory, the conk was removed from the 
bag and placed in an ordinary Berlese funnel 
apparatus (for details see Ross 1949 or Hoff 1949) 

As a rule, artificial light and/or heat is used 
with the Berlese apparatus so as rapidly to drive 
organisms out of the sample and into the beaker 
of alcohol located below the funnel. Tragardh 
(1933), in a thorough series of experiments, found 
that while artificial heat was excellent for larger 
Collembola, which could be brought down in 3 to 
! hours, it was not satisfactory for collecting 
“thin-skinned Acarina,” as it desiccated the 
sample too quickly and was fatal to the smaller 
organisms. For more accurate population figures 
he suggested (in Jacot 1936) leaving the sample 
to dry in the funnel for 1 to 2 weeks under room 
conditions. 

Following this suggestion, the fungus conks 
were left in the Berlese funnels at room tempera- 
ture and humidity until no more organisms 
emerged. Most samples were berlesed for at 
least 1 month. This length of time often per- 
mitted continued development of larvae within 
the conk, and emergence of adult insects from 


pupae, which would not have occurred in a 
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STAGE I 


Fic. 1. 


shorter period. This method proved very effec- 
tive. No organisms could be found in the sam- 
ples after berlesing, and even extremely minute 
forms such as the tarsonemid mites were driven 
out. A cover over the top of the funnel prevented 
the escape of flying forms such as Diptera and 
parasitic Hymenoptera. 

All specimens were preserved in 95 percent 
ethyl alcohol until they could be sorted, identi- 
fied, and counted. 


Insects of Woody Shelf Fungi 


STAGE I 


STAGE WV 


Successional stages of the conk microsere. 


For observation and rearing purposes, large, 
glass moist-chambers and stender dishes of 
several sizes were found satisfactory. Samples 
of the fungus, with their faunal elements, were 
kept in a humid atmosphere within the dishes, 
and the animal organisms could easily be 


observed. 


FAUNAL CHECK-LIST 


The following check-list includes all animals 
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collected from polypores during this study. number in each pair is the number of individuals 
Collection data are given as paired numbers in vielded by that particular collection. Thus the 
parentheses following each taxonomic name. entry “Trigonoderus unguttus Girault (10-4; 16 
The first number in each such pair is the ‘‘col- 5)” tells that four specimens of this hymenopteron 
lection number” in the first column of table 1, were obtained from collection 10 (table 1) and 
opposite which the fungus species, the date, and five from collection 16. This form is followed 
the place of collection are stated; and the second throughout the check-list. 


Table 1.—Collection data. All fungi collected, except No. 3, were either 
Fomes or Polyporus species. 


Collection Polypore Stage of Date Location by 
number species succession collected county 


Cook, II. 
Berrien, Mich. 
Cook, III. 
Lake, III. 
Cook, II. 
Cook, II. 
Cook, Il. 
Cook, I11. 
Cook, Ill. 


AK 


P. lucidus IVa 28 
F. applanatus II 17- 
Poria sp. [Va 31 
P. resinosus ITI 24- 
P. lucidus I] 19- 
P. tulipiferus IVa 
F. fraxineus ITI 
F. applanatus I] 
P. gilvus IVb to V 
P. tulipiferus IVb Cook, II] 
F. applanatus Cook, Il. 
F. connatus 5 Cook, II] 
F. applanatus Cook, Il 
P. resinosus F 7- é Cook, Ill 
P. gilvus T Cook, II] 
F. applanatus é ‘ Cook, Il 
*. applanatus i Cook, III. 
. connatus a Cook, III 
*. applanatus , Cook, III. 
applanatus ] 7 Cook, III 
connatus yi Cook, III. 
. versicolor 5- Cook, III. 
applanatus ’ yf Cook, Til 
applanatus l Cook, III 
. applanatus Cook, II. 
applanatus? Cook, III. 
applanatus? Cook, II] 
applanatus Cook, II] 
resinosus Cook, Il 
connatus Cook, Ill 
32 . lucidus Cook, Il 
33 ’. applanatus ‘ Racine, Wis 
35 P.. versicolor II to Il Cook, Ill 
36 P. versicolor IVa Cook, I] 
37 P. resinosus and 

P. lucidus I to II 
38 F. applanatus IT to III 
39 P. sulphureus ITT 
40) P. versicolor IVb 
4] P. versicolor IVb 
42 P. versicolor IT] 
43 F. fomentarius IVb 
44 P. gilvus IVb 
15 F. applanatus IT 
46 P.. versicolor IT 
47 F. applanatus IVb 
48 P. pergamenus III 
49 F. fraxinophilus IT 
50 F. applanatus IVb 
5] F. applanatus ITT 
52 P.. lucidus IVb 
53 F. abplanatus II 
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“These conks were so decayed as to make identification uncertain. 
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NEMATODA 


Undetermined species (27-numerous; 28-numerous ). 


GASTROPODA 


PuLMOoNATA. Undetermined species (26-1, very imma- 
ture specimen). 
Zonitidae. Undetermined (48-1; 32-1). 
Endodontidae: Amnguispira sp. (48-2). 


ARACHNIDA 


PSEUDOSCORPIONIDA. Undetermined (50-1). 
Neobisiidae: Microbisium confusum Hoff (18-1; 25-2). 
Chernetidae (Chernetinae). Undetermined (18-1 

nymph). 
Pselaphochernes parvus Hoff (26-3). 
ARANEIDA. Immature spiderlings (26-3; 29-1; 43-2; 48-1; 
50-5; 52-10). 
ACARINA. Undetermined (17-14; 21-23; 25-10; 26-81; 
36-23; 41-5; 42-13; 43-219; 44-27; 46-54; 47-3; 48- 
31; 50-153; 51-21). 
Mesostigmata, group Gamasides 
Ascaidae. Undetermined (2-56; 8-numerous; 12-21; 
18-3; 19-3; 20-217; 21-118; 22-4; 25-18; 26-526; 
29-14; 43-2; 45-3; 48-59; 49-4; 50-70). 
Neoparasitidae or Pseudoparasitidae (6-2). 
Phytoseiidae: A/leemamnia spp. (2-3,955; 4-numerous; 
19-21; 38-numerous; 48-175; 49-6). 
Laelaptidae. Undetermined (52-3). 
sp. (2-21; 26-53). 

Mesostigmata, group Uropodina. Undetermined (2-6; 
19-1; 36-2; 41-3; 42-5; 47-1; 48-24). 

Trombidiformes, group Tarsonemini 

Tarsonemidae: Tarsonemus? sp. (2-471) 

Trombidiformes, group Prostigmata 

Eupodidae: Linopodes spp. (17-1; 20-2; 21-3; 26-103; 
29-3; 41-2; 47-1; 52-5) 
Bdellidae. Undetermined 
26-2; 44-1; 50-1; 51-2) 
Bdella sp. (2-1; 14-1). 
Rhagidiidae: Rhagidia sp. (2-6; 11-1) 
Tydeidae. Undetermined (2-2). 
Raphignathidae (=Caligonellidae): 
sp. (16-1). 
Cheyletidae 
New genus (2-25; 
51-14). 
Cheyletia, three or four species (8-1; 8-1; 13-1; 
44-2). 
Trombidiidae. 

Sarcoptiformes, group Acaridiae. 
several). 

Sarcoptiformes, group Oribatei. Undetermined (2 
242: 6—-numerous; 8-22; 9-1; 17-37; 18-17; 19-32; 
23-31; 26-42; 32-79; 44-170; 45-19; 47-1; 48-456; 
49-3. 51-3; 52-217). 

Eulohmanniidae. Undetermined (12-3). 

Belbidae. Undetermined (18-300; 19-3; 26-52; 49-8) 

Belba, hairy forms with exuviae on back (2-20; 

42-25: 43-13); other (2-233). 

Eremaeidae (l-several). 

Oribatulidae (8-68; 10-2). 

Galumnidae (2-63; 20-1; 44-1; 48-1). 

Parakalummidae (11-103). 

Phthiracaridae (15-21; 18-5; 21-1; 25-1; 
48-2). 


Haemolaelaps 


(1-1; 10-1; 19-2; 21-1; 


Neophyllobius 


19-12; 20-588; 26-401; 45-637; 


Undetermined (25-2). 
Undetermined (2- 


26-18; 46-1; 


CRUSTACEA 
[SOPODA 
Oniscidae (= Porcellionidae): Tracheoniscus (=Tra- 
chelipus) rathkei (Brandt) (25-1; 36-2; 43-10; 49 
1; 50-3) 


CHILOPODA 


Undetermined immatures (48-1; 52-1). 
LITHOBIOMORPHA, fam. Lithobiidae, undetermined (2-1). 


Insects of Woody Shelf Fungi 


DIPLOPODA 


Undetermined immatures (20-1; 26-3). 

CHORDEUMIDA, fam. Cleidogonidae, genus uncertain, pos- 
sibly either Cleidogona Cook and Collins or 
Tiganogona Chamberlin (18-3 immatures). 


INSECTA 
COLLEMBOLA 
Poduridae. Undetermined juveniles (50-3; 22-2). 
Achorutinae (= Hypogastrurinae) 
Achorutes (=Hypogastrura) undetermined 
50-6; 51-28). 
Achorutes (Ceratophysella) armatus Nicolet (15-4; 
39-18; 48-8). 
Achorutes maturus Folsom (15-1). 
Achorutes nothus Macnamara (11-14). 
Achorutes packardi Folsom (43-183; 44-6; 51-1). 
Achorutes humi Folsom (15-several; 18-413; 21-29; 
23-43; 26-282). 
Xenylla grisea Axelson (11-6; 36-33). 
Neanurinae 
Friesea claviseta Axelson (12-2). 
Pseudachorutes lunatus Folsom (16-1). 
Neanura muscorum (Templeton) (18-20; 26-1; 29-6; 
43-9). 
Entomobryidae 
Isotominae (= Isotomidae) 
Folsomia prima Mills (11-14; 15-13; 17-72; 43-654). 
Proisotoma (P.) minuta (Tullberg) (13-9; 48-1). 
Tsotoma undetermined (53-16). 
Isotoma (Vertagopus) cinerea (Nicolet) (8-79; 10- 
125; 11-2; 12-5; 15-3; 16-6; 18-58; 19-45; 20-56; 
21-31; 22-1; 25-95; 26-475; 29-6; 41-1; 42-1; 44— 
253 juveniles; 45-7; 47-4; 48-60 juveniles; 49-1; 
50-49; 51-12). 
Isotoma nigrifrons Folsom (11-7). 
Entomobryinae 
Entomobrya juveniles (52-111). 
Entomobrya (Entomobryoides) purpurascens (Pack- 
ard) (12-1; 15-5; 16-12; 17-4; 19-18; 20-3; 43-48; 
48-1). 
Entomobrya (Entomobrya) assuta Folsom (16-1) 
Entomobrya clitellaria Guthrie (16-2). 
Lepidocyrtus sp. (11-1). 
Lepidocyrtus cyaneus Tullberg (43-5; 48-1). 
Orchesella hexfasciata (Harvey) (15-43; 16-46; 17-3; 
18-2; 20-3; 21-6; 25-1; 26-12; 43-50; 46-3; 50-11). 
Sminthuridae. Undetermined juveniles (23-1). 
Sminthuridinae 
Sminthurides 
(46-5). 
Sminthurides malmgreni Tullberg (46-18). 
Sminthurides (Sminthurides) lepus Mills (50-1). 
Sminthurinus sp. (15-1). 
Sminthurinus aureus novus Mills (15-1). 
Sminthurinus quadrimaculatus (Ryder) (16-17; 17- 
6; 43-19; 52-14). 
Neosminthurus curvisetus (Guthrie) (47-3). 
Dicyrtominae 
Ptenothrix? sp. juveniles (50-2). 
Ptenothrix sp. juveniles (26-3) 
Ptenothrix unicolor (Harvey) (29-1). 
Ptenothrix marmoratus (Packard) (25-1). 
CORRODENTIA. Undetermined (16-1; 20-1; 29-1; 33-20; 
36-1; 39-2; 44-1). 
Liposcelidae 
Liposcelis bostrychophilus complex (1-24). 
Liposcelis terricolis Badonnel (2-1). 
Liposcelis n. sp. near terricolis Badonnel (19-58) 
HEMIPTERA. Undetermined nymphs (1-20). 
Aradidae: Aradus? (or Mezira?) nymphs (2-5). 
Piesmatidae: Piesma cinereum (Say) (32-1). 
Nabidae: Nabdis sp. (6-1). 
Miridae. Undetermined (16-1). 
Homoptera. Undetermined nymphs (6--1; 41-1; 44-1). 


(29-3; 


(Sphaeridia) pumilis Krausbauer 
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Undetermined larvae (45-1; 36-1). 
Undetermined larvae (13-2). 
Merothrips morgani Hood (16-11; 


THYSANOPTERA. 
Terebrantia. 
Merothripidae: 
44-2). 
Thripidae: Frankliniella tritici (Fitch) (13-1). 
Tubulifera. Undetermined (36-1). 
Phlaeothripidae 
Hoplothrips angusticeps Hood (2-13; 43-6 adults, 15 
larvae; 44-many adults, some larvae; 49-2 
adults, 5 larvae). 
Hoplothrips major Hood (36-9 adults, 13 larvae; 
53-estimated 10,000 adults and larvae). 
Hoplandrothrips xanthopus Hood (16-2). 
Adelothrips ambitus (Hinds) (16-1). 
Karnyothrips americanus (Hood) (16-1 
Liothrips tridentatus Shull (1-1). 

LEPIDOPTERA. Unidentified larvae (2-5). 

COLEOPTERA. Unidentified larvae (26-18; 39-3; 47-1). 
Carabidae: Amphastia interstitialis (Say) (46-1). 
Silphidae 

Anisotominae, larvae (29-2). 
Catopinae, undetermined (2-3). 

Scaphidiidae, undetermined (48-1). 

Scydmaenidae, undetermined (18-1). 

Staphylinidae, undetermined adults (43-1; 48-1); un- 
determined larvae (16-1; 20-1; 23-2; 26-1; 48-2; 
50-1; 52-1). 

Staphylininae 

Belonuchus sp. (48-1). 

Philonthus sp. (20-1). 

Philonthus blandus Grav. (15-1; 28-1; 30-2). 

Philonthus cyanipennis (Fab.) (39-1; 48-3). 

Staphylinus maculosus Grav. (27-1). 

Ontholestes cingulatus (Grav.) (48-3) 
Paederinae 

Homoeotarus sp. (25-1). 

Aderocharis corticinus Grav. (8-2; 11-1; 12-2). 
Oxytelinae 

Oxyielus sp. (20-1; 21-2; 26-2). 

Carpelimus sp. (26-1). 
Aleocharinae. Undetermined larvae (26-40) 

A theta sp. (20-1; 26-3; 39-4; 44-1; 48-2). 
Tachyporinae. Undetermined larvae (15-5). 

Conosoma spp. (20-1; 32-1; 42-1; 48-3). 

Bolitobius spp. (42-1; 48-7; 48-3). 

Bryoporus sp. (48-1). 
Piestinae: Thoracophorus 

numerous; 48-1). 

Cucujidae: Oryzaephilus surinamensis (L.) (1-1). 

Elateridae. Undetermined adult (52-1); undeter- 
mined larvae (48-1; 50-1; 52-1) 

Melanotus sp. (47-1). 

Lacon? sp. (10-1 larva). 

Ampedus? (formerly Elater) sp. (12-1 larva). 
Athous sp. near scapularis? (26-1 larva; 29-1 larva). 

Colydiidae. Undetermined (26-1; 48-1). 

Monotomidae: Bactridium convexulum Casey (2-2). 

Cryptophagidae: Cryptophagus spp. (2-3; 3-several; 
2-29 larvae). 

Nitidulidae. Undetermined (39-1); Nitidulinae larva 
(28-1). 

Glischrochilus fasciatus (Oliv.) (15-2). 
Glischrochilus larvae (39-35). 
Cryptarcha ampla? Erichs. (39-1). 

Cisidae. Undetermined larvae (15-273; 20-3; 21-5; 
26-25; 29-1; 32-114; 36-2; 41-2; 42-9; 48-91; 50-4; 
52-1). 

Cis spp (8-1; 35-2; 41-1; 42-12). 

Ceracis spp., probably minuta Dury and _sallei 
Mellié (11-1; 12-1; 16-79; 17-18; 20-8; 26-110; 
29-5; 42-7; 43-103; 44-31; 46-3; 47-6; 48-23; 
49-1; 50-28). 

Octotemnus laevis Casey (10-2; 31-3; 42-29). 

Ennearthron sp. (17-4; 20-5; 21-15; 42-11). 

Xestocis sp., probably levettei Casey (2-2; 3-1; 12- 
6; 13-1; 15-78; 17-27; 18-11; 19-35; 20-1000; 22 
39; 24-2; 25-217; 26-1003; 27-26; 28-43; 29-136; 
31-36; 32-43; 33-101; 50-301; 51-4). 


costalis  (Erichs.) 
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Mycetophagidae 

Mycetophagus flexuosus Say (30-1; 48-1). 

Typhaea stercorea? L. (1-1 larva; 6-5 larvae). 
Anobiidae. Undetermined Dorcatominae (16-2; 18-4). 
Coccinellidae: Chilocorus bivulnerus Muls. (52-1). 
Ptiliidae 

Micridium sp. (12-1). 

Nanosella n. sp. (2-numerous; 38-numerous ). 
Tenebrionidae 

Boletotherus cornutus (Panz.) adults (2-5; 19-5; 20- 

1; 21-1; 25-5; 43-1; 48-1; 50-1; 51-2); larvae (9-1; 
13-1; 48-2). 

Hoplocephala (=Arrhenoplita) bicornis Fab. (42-4). 

Diaperis maculata Oliv. (48-2). 
Lagriidae: Paratenatus? larva (1-1). 
Melandryidae (Serropalpidae) 

Pisenus humeralis Kirby (15-5; 30-35; 

Eustrophus bicolor Fab. (42-1). 

Eustrophus repandus Horn (48-19). 
Chrysomelidae. Undetermined Halticinae (47-1). 
Anthribidae: Euparius marmoreus Oliv. (48-1). 
Scarabaeidae: Alaenius sp. (27-1). 

DierERA. Undetermined larvae (other than Sczara) 
(2-212; 18-11; 21-1; 26-22; 39-10,000; 41-1; 42-1; 
43-19; 48-16; 50-4; 51-2). 

Mycetophilidae (Fungivoridae) (21-2; 25-3; 26-1; 29 
2; 35-2; 36-3; 41-1; 42-5; 43-3; 44-2; 45-1; 48-1; 
50-6). 

Sciaridae (Lycoriidae): 
larvae (48-118). 

Cecidomyiidae (Itonididae), undetermined (26-2; 32- 
1; 43-7; 50-4). 

Phoridae, undetermined (45-2; 50-3). 

Otitidae, undetermined larva (28-1). 

Lonchaeidae: Lonchaea sp. (17-1; 37-1; 43-3; 

Drosophilidae, undetermined (25-2; 42-2; 
45-3; 46-1; 47-5; 48-3). 

HYMENOPTERA 

Ichneumonoidea 

Braconidae 

Eubadizon n. sp.? (21-2). 

Eubadizon orchesiae (Ashm.) (21 
*halcidoidea 

Mymaridae: 
Encyrtidae: 
Pteromalidae: 

16-5) 

Eulophidae 

Astichus n. sp.? (16-4; 46-1; 50-3). 

Tetrastichus sp. (16-1; 48-2). 

Tetrastichus sp. near verrucarit Balduf (2-2). 
Cynipoidea 

Eucoilinae: Odonteucoila sp. (50-1). 

Proctotrupoidea (Serphoidea) 

Ceraphronidae (Calliceratidae) 

Lagynodes sp. (2-1). 

Ceraphron sp. (26-1). 

Ceraphron carlylei Girault (50-6). 

Conostigmus sp. (50-1). 


32-35). 


Sciara adults (2-1; 17-1; 26-2); 


2; 26-1; 42-3). 


Camptoptera pulla Girault (15-8). 
Bothriothorax sp. (48-1). 
Trigonoderus unguttus Girault (10-4; 


OBSERVATIONS AND DISCUSSION 


In this discussion the author has endeavored 
to correlate his own observations with those of 
other investigators. Thus it includes a review of 
the literature with reference to mycetocoles. The 
faunal elements are discussed in Part 1 in the 
same order in which they appeared in_ the 


check-list 


Part 1. The Role of the Fauna 
NeEMATODA.—-Free-living nematodes occur 1n 
almost every conceivable habitat. As many of 
them feed commonly on living plant cells and on 
dead and decaying plant and animal material, 
they could be expected to wander into the poly- 
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pores from the trees and logs which support 
these fungi. No quantitative study of the 
nematode population was attempted, but they 
were found especially abundant in the moist and 
rotting stage (IVb). Most fungus-inhabiting 
forms probably are saprophagous or carnivorous, 
but parasitic species probably are present in 
many of the arthropods and other fauna of the 
polypores. In turn, nematodes may be fed upon 
by Collembola (Macnamara 1924; Brown 1954), 
and perhaps also by predaceous mites and insects. 
They are, doubtless, a major link in several parts 
of the food web, and they contribute materially 
to the ultimate decomposition of the spore-fruit. 

GastTrRopopA.—A few, very small, terrestrial 
snails were found occasionally inside conks, and 
larger specimens were often seen feeding on the 
outside of decaying spore-fruits. They seemed 
of little importance in the ecology of this habitat, 
although they feed on the fungus tissue and other 
decaying material, and shelter in the moist conks. 
All the snails collected in this study were species 
found commonly in general forest debris (Baker 
1939), and it was assumed that they were of 
chance occurrence in or on the polypores. Slugs 
are of great importance in the destruction of soft 
fungi (Benick 1952), but apparently are uncom- 
mon in polypores. 

PSEUDOSCORPIONIDA.—AIl specimens but one of 
these interesting arthropods were collected from 
stage-V conks. They were common in rotting 
wood and in floor debris, and occurred frequently 
in conks that had fallen to the ground. 

Pseudoscorpions are actively predaceous, feed- 
ing on small animals such as mites, ants, and a 
wide variety of other insects (Hoff 1949). None 
of them are specific to fungi. Microbisium con- 
fusum is the most abundant pseudoscorpion in 
Illinois and, like Pselaphochernes parvus, is closely 
associated with rotten wood (Hoff, op. cit.). 

ARANEIDA.—-The few immature spiders col- 
lected were believed to be adventives. 

ACARINA.—The Ascaidae characteristically are 
found in organic litter and debris. Little infor- 
mation is available about their habits, but their 
chelicerae are similar to those of predaceous 
species (Baker and Wharton 1952). Mites of 
this family were encountered frequently, in all 
stages and in six species of polypores. Ascaids 
phoretic upon the beetle Nestocis levettei? were 
observed on three separate occasions. The 
fungus-dwelling tenebrionid Boletotherus cornutus 
commonly had its surface covered with several 
hundred acaridians in their hypopus stages 
These hypopi appeared to be nonfeeding phoretics. 

Among the carnivorous forms, the Phytosetidae 
are predators known to keep various plant-feeding 
mites in check, the Laelaptidae are usually para- 
sites on vertebrates and invertebrates, while the 
Bdellidae are predaceous on mites and small 
insects, with one species reported as controlling 
the collembolan Sminthurus viridis L. in Aus- 
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tralia, and a species of Bdella as predaceous on 
Collembola in California orange groves (Baker 
and Wharton 1952). The bdellids present in 
fungi probably live on the abundant Collembola, 
small mites, etc., that are present. The red- 
colored Bdella sp. from No. 2 was observed to 
letisimulate, but was not seen to feed. The 
Rhagidiidae are thought to be predaceous, and 
the Raphignathidae (Caligonellidae) include spe- 
cies known to prey upon other mites and upon 
scale insects (Baker and Wharton, op. cit.). 

The Eupodidae are believed generally to be 
herbivorous. Linopodes antennaepes Banks is a 
pest of mushrooms (Baker and Wharton, op. cit.). 
Extremely active, bright green Linopodes with 
greatly elongate front legs were observed scamp- 
ering rapidly over the pore surface of late-stage 
(IVb and V) conks. Mites have been mentioned 
as fungus-feeders by several authors (Jacot 1935; 
Savely 1939). 

Great numbers of Cheyletidae were found 
associated with polypores. The commonest one 
collected during this study was a long, sausage- 
shaped, lemon-yellow form believed by Dr. J. H. 
Camin (personal communication) to be of an 
undescribed genus. The shape of these mites is 
highly adaptive to entering the fungus pores, and 
they were observed going from pore to pore, enter- 
ing, backing out, then moving to the next one 
As a family, these are free-living predators (Baker 
and Wharton, op. cit.). Ewing (1912) studied 
one that fed upon the eggs of other mites, such 
as acarids. 

Little is known regarding the habits of oribatoid 
mites. Jacot (1936b) believed that at least half 
of them may be predaceous. Later workers 
(Baker and Wharton, op. cit.) have stated that 
these mites are generally found in soil debris, etc., 
where they feed upon organic matter. This is in 
agreement with Ewing (1909), who wrote: ‘They 
live very largely upon fungi or, to some extent, 
upon plant juices, and apparently are never 
predaceous although the Hoplodermidae have 
large and powerful mandibles.”” Some oribatids 
pass the winter in moss, and others apparently 
winter under bark (Ewing, op. cit.). 

Belbid mites (probably Belba sp.) were observed 
to go through apparent feeding motions on the 
fungus surface. Most of their activity consisted 
of walking about. One was observed to rub its 
hind legs over its dorsum, cleaning itself much in 
the manner of a house fly. A belbid was thawed 
out of a frozen conk (No. 40) in January, which 
indicated that these mites may overwinter in 
fungi. 

Large, black galumnids (probably Galumna 
sp.) observed by the author were seen to feed 
upon dead Collembola, and upon a fly larva of a 
Fannia-like species. This larva was torn open 
by the mites, which fed upon its body fuids 
while it was still alive and squirming. These 
mites also ate each other, but it was not deter- 
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mined whether they acted as predators or as 
scavengers in this case. 
Rohde (1955) observed that the phthiracarid 
Pseudotritia feeds upon dead wood. 
Isopopa.—The woodland isopod, Tracheoniscus 
rathkei, common in rotten logs and in floor debris, 
would be expected in fungus conks. Apparently 
it is not specific in its habitat preferences, as are 
some isopods, and this adaptability may account 
for its wide distribution in Michigan (Hatchett 
1947). Isopods are phytophagous and sapropha- 
gous asarule. They are mycetoxenes. 
CuHILopopa and DipLopopa.—-Like snails and 
isopods, these occurred occasionally in polypores. 
As they are common in floor debris, in logs, and 
under bark, it was assumed that they were 
mycetoxenes. Centipedes are generally preda- 
ceous while millipedes are usually herbivorous or 
saprophagous, although there are exceptions 
(Williams and Hefner 1928). 
CoOLLEMBOLA.——Most species are herbivorous, 
and some are notoriously injurious in mushroom 
houses, truck gardens, etc. (see Maynard 1951). 
Thomas (1929) successfully reared Achorutes 
armatus Nic., Proisotoma minuta (Tullb.), J/so- 
toma sp., Lepidocyrtus cyaneus Tullb., L. albus 
Pek., and Sminthurus caecus Tullb. in cultures of 
mushroom mycelia. He noted that these species, 
with the exception of the last, were common and 
bred readily in mushrooms. They may, there- 


fore, be considered fungus-feeders, but this does 
not imply that they will not feed on other ma- 
terial as well. 

Macnamara 


(1924) 
often 


stated that fungus spores 
found in collembolan 
food of these insects; 
the gut of Achorutes might be packed with 
fungus spores. He also recorded three carniv- 
orous and predatory species, none of which were 
collected from polypores during the present study. 
Macnamara found Orchesella hexfasciata with the 
gut packed full of nematode larvae, which he 
suspected were parasitic upon the collembolan 
This may be true. However, Brown (1954) ob- 
served isotomid Collembola feeding upon nema- 
todes on at least 10 occasions. This opened the 
interesting possibility that some collembolan 
species may be more or less carnivorous, feeding 
not only upon fungus mycelium and other plant 
tissues, but also on nematodes and perhaps on 
other small animals when available. 

In general, the data from this study indicated 
that no local Collembola are specific to fungi, 
the species collected in the polypores being com- 
mon to a variety of situations. H. B. Mills 
(personal communication) remarks: ‘‘We know 
that a great many Collembola feed on soft, de- 
caying vegetable material which can be eroded 
by their small mandibles. The cortical species 
must live on something, and in the moist environ- 
ment where we commonly find them it would be 
reasonable believe that they were living on 


and 
stomachs, 


mycelium, 
were a favorite 
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fungus hyphae or spores. Assuming this to be 
the case, it would be one quick move to a fleshy 
external fungus protuberance and probably no 
great change in habitat.’”’ This statement seemed 
to be well borne out, in that most of the species 
collected by the author are common under bark 
or in other situations. 

A few species that were found in polypores 
have not been reported from log mold or leaf 
mold (Lunn 1939) or moss (Rohde 1955) in the 
same geographic locality. Among these are five 
species of Achorutes, Pseudachorutes lunatus, 
Sminthurides pumilis, Sminthurides malmgreni, 
and Sminthurinus quadrimaculatus, as well as 
others. However, Maynard (1951) recorded 
most of these species from other habitats, such 
as leaf mold, compost heaps, etc 

A goodly number of species that have been 
reported as common in other situations were not 
collected from the polypores (cf. Mills 1934; 
Maynard 1951; Lunn 1939; Guthrie 1903; Rohde 
1955; and Winston 1956). Do some Collembola 
avoid fungi as a habitat? 

Further work will probably show that many 
collembolan species may be found associated with 
fungi of some sort but are not restricted to a 
fungus microhabitat. 

CORRODENTIA.-—These are the characteristu 
organisms on dried (stage IVa) fungus conks 
They constitute an important group of my- 
cetophages in these conks, where Collembola and 
other moisture-loving organisms are mostly 
absent 

HEMIPTERA.- -The few specimens collected were 
all assumed to be adventives on fungi. Aradids 
doubtless wandered in from under bark. Simonet 
(1955) considered these bugs to be predatory on 
mites and Collembola in these habitats; Blatchley 
(1926) believed their food to be minute fungi and 
molds; and Butler (1923) reported having kept 
nymphs of Aradus depressus Fabr. for some weeks 
in a glass tube, on a little white fungoid growth 
obtained from under the bark where they were 
collected. It appears that no Hemiptera are 
truly mycetocolous. 

HoMopTERA.—Three nymphs, apparently coc- 
coids, were found during 2 vears of collecting 
No Homoptera are known to be normal in- 
habitants of fungi. Simonet (1955) cited 
single fulgorid frorn Polyporus adustus. 

THYSANOPTERA.—While most thrips are phy- 
tophagous, a number of species are predaceous 
and some are both (Clausen 1940). Though they 
were found not uncommon in polypores, where 
the author took eight species (sometimes in great 
numbers), no reference to thrips was found in 
other papers dealing primarily with fungus 
insects. However, Hood and Herrick (in Leonard 
1928) listed Hoplothrips major (as H. karnyi 
major) as taken on Polyporus and “in shelf fun- 
gus” in New York. 

Certain species of been 


Thysanoptera have 
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reported as, feeding upon mites and on eggs of 
other insects (Clausen 1940). Dr. L. J. Stannard, 
Jr. (personal communication) has advised the 
author that Liothrips tridentatus normally feeds 
on oak leaves, that Hoplothrips angusticeps feeds 
on fungus spores, and that the present collections 
may have provided the first known host records 
for the rare and tiny Merothrips morgani. 
Frankliniella tritici is the common flower thrips. 

Specimens of Hoplothrips major, estimated at 
10,000 individuals, were observed on Fomes 
applanatus (53), where they were present in all 
stages from egg to adult. Hundreds of the 
thrips covered the surface of the conk, while 
others filled small pits that they had eaten into 
the fungus. This species was observed to feed 
on the mycelium. Other large colonies of 
Hoplothrips were observed on spore-fruits in 
Evanston, Illinois, in 1952, and at Flint, Michi- 
gan, in 1958. H. major and H. angusticeps were 
the most common thrips species that the author 
found on polypores. 

Some species of thrips are known to be para- 
sitized by certain chalcidoids of the subfamily 
Tetrastichinae. On several occasions members of 
both these groups were found in the same conk, 
but it was not determined whether the chalcidoids 
were parasitizing the thrips or some other insects. 

The place of thrips with regard to the Poly- 
poraceae is not clear. Large numbers, such as 
are occasionally present, obviously would domi- 
nate the population of the conk. Usually thrips 
were present in relatively small numbers, if at 
all, and seemed not to be of major importance as 
mycetocoles. 

LEPIDOPTERA.—One larva was present in col- 
lection No. 2. Rehfous (1955b) recorded a few 
species of lepidopterous larvae from fungi. 

CoLEOPTERA.—This large order, many of whose 
species are common in polypores, is considered 
family by family in the following discussion. 

Carabidae.—A_ single Amphasia interstitialis 
represented this family in the present study, 
although Benick (1952) and Rehfous (1955a), in 
Europe, listed a number of carabids from various 
fungi, including polypores. Most carabids are 
predatory but some are more or less phytophagous 
(Benick, op. cit.). They must be considered 
mycetoxenes, of chance occurrence in _ fungi, 
either seeking shelter or preying upon fungus- 
inhabiting organisms. Von Lengerken (1921) 
mentioned having seen Carabus auratus, one of 
the phytophagous species, feeding upon Psalliota 
arvensis, which is said to be the most poisonous 
fungus in Germany. 

Silphidae.—This family includes many sapro- 
phagous species. Decaying fungi would not be 
an unusual retreat for such forms, and they may 
therefore, be regarded as weakly mycetophilic 
(Benick 1952). Rehfous (1955a) collected a few 
species from European polypores, and noted that 
certain species (e.g., Oecoptoma thoracica) were 
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attracted by malodorous fungi. Silphids were 
not found commonly by the author. Only two 
anisotomine larvae and three adult Catopinae 
were taken, in two collections, both from Fomes 
applanatus. 

Scaphidiidae.—-Members of this family have 
occasionally been found in polypores, but are 
not common. 

Scydmaenidae.—These beetles were considered 
mycetoxenes by Benick (1952). They may 
wander into fungi from their usual habitats in 
leaf mold and log mold. Benick (op. cit.), H. S. 
Dybas (personal communication), and the author 
have seen these beetles feed upon mites. 

Staphylinidae.—This enormous family contains 
the greatest number of mycetophilic beetle spe- 
cies. Out of 1,116 species and 32,004 individuals 
of fungus-visiting beetles collected from the 
Liibeck area, Benick (1952) found 455 species and 
26,040 individuals to be staphylinids, and of these 
18,052 were Gyrophaena and 3,944 were Atheta. 
Staphylinids comprised 277 of the 585 beetle 
species collected by Rehfous (1955a) from 130 
species of fungi. A large part of the work by 
Scheerpeltz and Hofler (1948) is devoted to the 
Staphylinidae. 

Most species are voracious predators. Some, 
however, are phytophagous (Anthobium, Bledius, 
etc.), and some (e. g., Oxyporus) are fungus- 
feeders (Benick 1952). Most species of Philonthus 
are predatory and feed on insect larvae, but P. 
cyanipennis does well on living, fresh fungi 
(Benick, op. cit.) and breeds in fungi, its larvae 
being mycetophagous (Rehfous 1955a). Stéck- 
lein (1937) recorded P. cyanipennis from ‘“‘Pfeffer- 
pilz,”” and Moennich (1940) found Philonthus on 
Polyporus sulphureus in New York State. The 
author found Philonthus cyanipennis on Poly- 
porus sulphureus and Polyporus pergamenus. 

Thoracophorus costalis feeds on polyporous 
conks, chewing and burrowing through the 
mycelial mass much in the manner of the Cisidae. 
This species was found in numbers ranging from 
a single individual up to large breeding associa- 
tions numbering hundreds, copulating actively, 
and including larvae as well as adults. The 
adults were seen to chew and ingest the fungus 
matrix, and when several of them were confined 
with a piece of fungus they consumed it rapidly. 
T. costalis was very susceptible to desiccation, 
and died quickly if not kept in a moist 
environment. 

A predatory species, Staphylinus maculosus 
was observed to prey upon the _ tenebrionid 
Boletotherus cornutus, a common inhabitant of 
polypores. A large individual of S. maculosus 
was placed in a glass dish with a piece of conk 
and 10 specimens of B. cornutus. In a 3-week 
period it devoured the 10 adult tenebrionids. It 
commonly hid under a certain part of the conk, 
which can be called its den, and pulled its victims 
into the den to be eaten, as dismembered pieces 
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of elytra, wings, and parts of the exoskeleton were 
always found there. After all the Boletotherus 
had been eaten, it died, perhaps from starvation. 
B. cornutus is a relatively large beetle, and from 
this some idea of the voracious appetite of the 
Staphylinus can be gained. S. maculosus is an 
active flyer and has been seen flying in daylight 
about Carlé Woods, Des Plaines, Illinois, but it 
was strictly nocturnal under laboratory conditions 

Another large and active staphylinine, Ontho- 
lestes cingulatus, was seen to decapitate a large, 
fungus-inhabiting weevil, Euparius marmoreus, 
with its sickle-like mandibles. Large, predaceous 
staphylinids may, therefore, be at or near the top 
of the food chain in later-stage conks. If they 
enter a fungus niche, possibly by chance, these 
staphylinids may remain there until they have 
devoured many of the other inhabitants before 
moving on to “‘greener pastures.”’ O. cingulatus 
was listed from ‘‘decaying fungus” by Leng (in 
Leonard 1928). 

Bolitobius is suited for a life in narrow crevices 
of fungi. The capture of fly larvae by B. pyg- 
maeus was noted by Renkonen (cited by Benick 
1952). 

Most of the other staphylinids collected were 
believed to be predatory. They will not be 
discussed in particular. The family Staphy- 
linidae was probably the most important group 
of predators found in the polypore community. 

Cucujidae.—A single Orysaephilus surinamensis 
represented the family in the author’s collections. 
This notorious pest of stored grain, dried fruits, 
etc., hibernates as an imago (Blatchley 1910) 
Rehfous (1955a) found a few oe species, 
especially Silvanus unidentatus F., on polypores 
Borror and DeLong (1954) stated tial aa most 
of the Cucujidae are predaceous on mites and 
small insects that they find under bark, larvae of 
some species are parasitic on Cerambycidae and 
Braconidae. It is not unlikely that corticolous 
cucujids should occur occasionally in conks as 
mycetoxenes. 

Elateridae.—Several species were present in the 
fungi that were collected, but were never common. 
The occurrence of both larvae and adults indi- 
cated that occasionally they develop in conks. 
Elaterids are phytophagous, but have little fixed 
relationships with fungi and are, therefore, to be 
classed as mycetoxenes (Benick 1952). 

Colydiidae.—According to Benick (op. cit.) 
the relationship of these beetles to fungi seems 
adistant one. They and their larvae, he stated, 
live for the most part on the excrement of other 
A few species are believed to be preda- 
tory. Some are known to feed on larvae of wood- 
boring beetles (Comstock 1948). Rehfous (1955a) 
considered them entomophagous and corticolous. 
They are mycetoxenes. Onlv two individuals 
were collected in this study 

Monotomidae.—These beetles are known to be 
corticolous. Bactridium convexulum is probably 
a mvycetoxene 
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Most species live in vegetable 
detritus, and their occurrence in fungi thus is 
easily understood (Benick 1952). Rehfous (1955a) 
found numerous species on fleshy fungi, rarely on 
polypores. The author found species of Crypto- 
phagus on Fomes applanatus. 

Nitidulidae.—Many species of this phytophag- 
ous family occur commonly in fungi, and some 
breed in conks. The author found both adults 
and larvae of Glischrochilus in conks of Polyporus 
and collected other nitidulid larvae from stage-V 
Fomes applanatus and stage-III Polyporus sul- 
phureus. Both larvae and adults appeared to 
feed upon the fungus. Several species of Niti- 
dulidae may well be mycetobionts, or at least 
mycetophiles. On one occasion a_ nitiduline 
larva was seen attacking the larva of an otitid 
dipteron. 

Cisidae.—Beetles of this family are almost 
entirely restricted to the Polyporaceae, at least 
in North America. They are true mycetobionts, 
and are seldom found elsewhere than in poly- 
pores, which they inhabit throughout all the 
microseral succession stages. Blatchley (1910), 
however, reported finding them under bark and 
in woody debris, and stated that they fed upon 
wood and paper. In Europe, Rehfous (1955a) 
collected from fungi 11 species of Cisidae belong- 
ing to the genera Cis, Octotemnus, and Ennearthron 
Benick (1952) sometimes found Cisidae on wood 
overzrown with fungi, but they seemed limited 
in their breeding places to woody fungi, chiefly 
Polyporus and Polystictus; if occasionally they 
appeared in softer fungi, they were restricted to 
the hard, basal part. 

Dury (1917) listed the American species as 
voracious feeders upon polypores. Weiss (1920a) 
found Cis fuscipes, C. wenzeli, and Sulcacis lengi 
breeding in Polyporus versicolor, and suspected 
that all local Cisidae might breed in this species, 
upon which he also collected Yestocis levettei and 
Octotemnus laevis. In another paper, Weiss 
(1920c) recorded Cis vitula Mann. breeding in P 
versicolor in California, with larvae working the 
fungus near the base and tunneling in all direc- 
tions, and pupation occurring in the basal context 
He noted that Polyporus is a favorite host of 
cisids. 

Other records of 
those of Casey (1898), 
Donisthorpe (1935), 
and Weiss (1922) 


Cryptophagidae. 


fungus- -dwelling Cisidae are 
Leng (in Leonard 1928), 
Lesne (1917), Walker (1935), 
The author collected at least 
six cisid species, distributed among the genera 
Cis, Ceracis, NXestocis, Octotemnus, and Ennear- 
thron. The following discussion is based upon 
observations made during the present study. 
Cisids sometimes are found in great numbers, 
1,000 or more per conk. The larvae and adults 
live gregariously in tunnels and chambers which 
they eat out within the mycelial mass. They 
soon completely riddle a good-sized conk, leaving 
it a mere shell with the outer layer still intact, 
except for a few holes. They feed equally on 
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conks that are soaking wet and on those that are 
completely dry. Probably no cisid leaves a conk 
until the food supply is exhausted, or the conk 
becomes uninhabitable for other reasons or unfit 
for a breeding place. Thus some individuals 
may complete their life span in the same conk 
where they developed. It would be interesting 
to know whether cisids develop a food preference 
for the fungus species in which their larval devel- 
opment occurred, as is the case with some other 
insect species. 

These beetles are easy to 
practically no care, and make excellent lab- 
oratory animals. They are quite resistant to 
desiccation, and need only pieces of fungus conk 
for nourishment. Most of the author’s obser- 
vations were made on Nestocis levettei(?), a com- 
mon local species. These insects move slowly 
and methodically over the surface of the fungus, 
with their antennae in constant, rapid motion. 
They also spend much of their time within holes 
and passages which they hollow out of the conk. 
Occasionally they fly, quite often during daylight 
hours. Once induced to take wing, they are 
strong flyers, and thus can easily move to new 
conks. When feeding, their peculiar mandibles 
enable them to chew even the hard parts of the 
fungus tissues which are difficult to cut with a 
sharp knife. 

Individuals of NY. levettet? were observed in 
copula on several occasions, and one female was 
lay a white, ovoid egg on the fungus 
Other eggs were often observed in the 
cultures. One egg hatched after 2 days; the 
larva broke through tail-first and, after freeing 
its head with difficulty from the egg membrane, 
crawled into a conk pore just large enough to 
accomodate it 

Members of this family constitute one of the 
greatest destructive forces in the reduction of the 
conk to the final mounding stage 

Mycetophagidae.——These beetles occur in and 
on fungi, and also under bark, etc. Both adults 
and larvae feed on fungus mycelium; at least 
some of the species are true mycetobionts. 
Rehfous (1955a) found only two species on a 
polypore. The author collected Mycetophagus 
flexuosus from Polyporus resinosus and per- 
gamenus, and found larvae in P. lucidus that were 
tentatively identified as Typhaea stercorea. 

Anobiidae.— Members of this family are known 
to feed upon a great variety of substances. They 
are generally only accidental visitors to fungi, but 
members of the subfamily Dorcatominae are 
strongly mycetophilous, almost mycetobionts, 
and live and breed in fungi (Benick 1952). 
Rehfous (1955a) found only one species, Aspidi- 
phorus orbiculatus Gyll., in his intensive collecting 
of Swiss fungus beetles. Weiss and West (1922) 
recorded two species breeding in Polyporus, and 
Blatchley (1910) reported a few dorcatomine 
species from fungi. The author found anobiids 
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in Fomes applanatus and Polyporus gilvus, but 
they were not at all common. 
Coccinellidae.—This family includes many pred- 
atory and some phytophagous species. Strouhal 
(1926) discussed three species of Psylloborini 
known to feed upon fungi. F. van Emden 
(cited by Benick 1952) studied the digestive tract 
of larvae of Thea vigintiduopunctata and found 
that they contained conidia and mycelial hyphae. 
Forbes (1883) reported that fungus spores made 
up nearly half the stomach contents of some 
members of this family. The single Chilocorus 
bivulnerus taken during the: present study was 
probably an accidental. No reference to the 
food habits of this species was found, but it is 
known to hibernate beneath rubbish (Blatchley 
1910). 
Ptiliidae. 
of minute, 


Members of this interesting family 
“feather-winged”’ beetles were col- 
lected from fungi by Benick (1952), Blatchley 
(1910), Dybas (1955, 1956), Rehfous (1955a), 
Weiss (1922), and others. On several occasions 
the author found many nanoselline ptiliids on 
the lower surface of Fomes conks. Large num- 
bers of them could be collected easily with a 
brush, but they did not appear in the berleseate. 
Apparently, instead of being extracted by the 
Berlese process, they crawled into the fungus pores 
and died there; yet they were often found on conks 
with pores too small to permit their entry. The 
berleseate figures for the Ptiliidae thus do not 
reflect their abundance accurately, and when 
large numbers were observed on a conk they are 
recorded simply as ‘‘numerous”’ in the check-list 

K. Flach (see Benick 1952) reported that fun- 
gus spores were the chief contents of the gut of 
Acrotrichis. Benick questioned this; he had 
found ptiliids usually in old, decayed pieces and 
detritus, very .seldom in spore-ripe fungi, and 
considered the relationship between these beetles 
and fungi as undetermined pending further 
research. Rehfous (1955a) also regarded ptiliids 
as characteristic of rotten and decaying fungi. 

The author, however, collected ptiliids from 
fresher fungi, of stages II and III. Park and 
Auerbach (1954) found fungus spores in the 
intestine of Ptiliidae, thus supporting Flach’s 
statement. So also did Dybas (1955), who 
observed that these beetles ingested hyphae as 
well as spores. Ptiliidae, as a family, are not 
limited to fungi, but some species may be my- 
cetobionts. Although the Micridium was con- 
sidered an adventive, the Nanosella collected in 
this study were of a species restricted to polvpores 
(Dybas 1956). 

Tenebrionidae.—These are mostly nocturnal 
beetles and generally have little connection with 
fungi. A few species, however, are quite com- 
mon in fungi. These include other myceto- 
bionts and mycetophiles. 

Boletotherus cornutus is a common mycetophage, 
whose larvae and adults live in woody polypores. 
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Its larvae were found in Fomes applanatus by 
Park and Keller (1932) and by Daggy (1946), 
in Polyporus betulinus by Daggy (op. cit.), and 
in Polyporus tsugae and P. lucidus by Weiss and 
West (1920b). The author found them in Fomes 
applanatus, F. connatus, and Polyporus pergamenus. 

Weiss and West (1920b) said that the eggs of 
B. cornutus (=bifurcus) were laid on the upper 
surface of the conk. In a later paper (1921) they 
gave photographs of egg capsules and of larvae 
at work in the fungus. Daggy (1946) wrote, 
“The eggs of B. cornutus are laid singly, mostly 
in the concentric grooves on the upper surface of 
Fomes. Each egg is enclosed in a delicate white 
membrane which adheres to the substrate. The 
whole membrane is capped by a covering of 
chewed particles of the fungus When the egg is 
removed, it is white or yellowish, elongate, 
flattened on the side next to the fungus and con- 
forming to its contours. The newly hatched 
larva enters the fungus without rupturing the 
surface of the capsule. One egg capsule was 
found to contain a dried egg and an orange dipter- 
ous pupa. Another egg placed in a vial for incu- 
bation produced only a small adult Diptera.”’ 

Daggy (op. cit.) found that a colony of B. 
cornutus might exist within a spore-fruit for 
several generations, with none of its members 
leaving; in such cases individuals in all the 
various stages of development were present, and 
adults presumably copulated and oviposited inside 
the fungus. The insects soon reduced the mass 
of the conk to a hollow shell, filled largely with 
their feces. These are cylindrical, rather large, 
and quite characteristic, and are indicative of the 
presence or former presence of the Boletotherus. 

The adults observed by the author were delib- 
erate and slow-moving, and letisimulated for long 
periods if disturbed. Following emergence from 
the pupal stage, their knobby bodies became 
covered with a brownish dust of fungus spores 
which camouflaged them very well on the conk 
surface. They generally carried large numbers 
of phoretic mites (hypopi of the Acaridiae), 
which might entirely cover the insect. Adults 
were frequently found during daylight hours 
hiding beneath a conk or in cracks in the bark 
nearby. The adults are nocturnal (Park and 
Strohecker 1936). Park and Keller (1932) showed 
that B. cornutus exhibits a deep-seated, per- 
sistent activity rhythm in constant darkness. 
Pairs were frequently found in copula, both on 
and in fungi. The author has never seen this 
species fly, and no record of their flying exists 
(Daggy 1946), but the adults have well-developed 
metathoracic wings. 

Although an important mycetobiont of poly- 
pores, Boletotherus cornutus is neither as ubiquit- 
ous nor as numerous as the Cisidae. 

The Diaperinae are typically fungus insects. 
Weiss (1924), and Weiss and West (1920a, 1921), 
found adults of Diaperis maculata feeding on a 
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variety of fungi. Daggy (1946) took larvae of 
this species from Polyporus betulinus and P. 
resinosus, and frequently found adults beneath 
the bark of dead trees where they fed on various 
fungi. The author took two specimens from. 
Polyporus pergamenus, and has collected others 
from several unidentified polypores. This species 
is a mycetobiont. Adults fly at night, and the 
author has taken them at light traps. 

Hoplocephala (=Arrhenoplita) bicornis was re- 
ported by Weiss and West (1920a) as feeding on 
a number of polypores. Weiss (1920a) stated 
that adults fed on Polyporus versicolor, but were 
not known to breed in it, and the author has 
encountered adults on this fungus species. Daggy 
(1946) took larvae in bark near polypores, and 
rarely in their spore-fruits. Hoplocephala bi- 
cornis seems not to be so closely bound to fungi 
as Diaperis maculata, and probably should be 
considered mycetophilic. Rehfous (1955a) took 
the closely related Diaperis boleti L., as well as 
some other tenebrionids, from polypores near 
Geneva, Switzerland. 

Lagriidae.—These are bark beetles primarily, 
though Weiss (1922) recorded lagriids as taken 
“in fungi.”’ A single larva, tentatively identified 
as a Paratenetus, was taken in this study. No 
reference could be found linking this genus with 
fungi. 

Melandryidae.—Beetles of this family occur 
beneath bark and on fungi. Benick (1952) 
stated that the Tetratominae lived in dry, fungus- 
ridden wood and dry bark, while a few forms 
(Osphyinae) were free-living on plants. Rehfous 
(1955a) collected only three species during his 
study. Blatchley (1910) found Pisenus humeralis 
common on leathery fungi. Leng (in Leonard 
1928) reported P. humeralis “from bracket fun- 
gus” and Eustrophus bicolor on Polyporus squamo- 
sus and on Pleurotus sapidus in New Jersey, and 
Weiss (1920a) took E. bicolor and Penthe obliquata 
from Polyporus versicolor in New Jersey. The 
author has collected both Penthe pimelia and P 
obliquata from the exterior of Fomes conks during 
the day, and has found Eustrophus bicolor and E 
repandus on fungi and on fungus-covered logs 

Chrysomelidae.—The single halticine collected 
was considered an adventive. Rehfous (1955a), 
however, collected some Halticinae from fungi. 

Anthribidae.—The weevil Euparius marmoreus, 
of which one specimen was taken, was said by 
Blatchley and Leng (1916) to occur mainly in 
partly woody, white fungi growing on old logs 
and stumps. It is known to be parasitized by 
the hymenopteron Trigonoderus unguttus. 

Scarabaeidae.—Several beetles of this family 
have been reported from fungi. Rehfous (1955a) 
stated that Geotrupes stercorosus Scriba was one 
of the few European scarabaeids commonly found 
on polypores. Blatchley (1910) wrote that 
Ataenius was known to frequent fungi, and the 
single scarabaeid taken in this study was of that 
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genus. Park (1931) observed Osmoderma eremi- 
cola on the under side of a fresh Polyporus. 
These beetles are probably mycetoxenes, but some 
species may breed in the spore-fruits. 

Other Coleoptera.-A number of other beetles 
that are known to frequent polyporous fungi were 
not collected during this study, probably because 
of their more scattered and sparse occurrence 
among polypore conks (cf. Thysanoptera). 
Among these are the Endomychidae, which are 
more common on the Agaricaceae and other 
fleshy fungi, and the Erotylidae, including 
Megalodacne heros (Say), a crepuscular fungus- 
feeder (Park 1931; Park et al. 1931; see Park and 
Sejba 1935 for a detailed study of habits and 
activity). M. heros, as a rule, hides under bark 
or in crevices by day, becoming active at night 
and feeding upon fungi. As it does not generally 
shelter in fungi, it was not collected from the 
spore-fruits, but the author found it near poly- 
pores on a number of occasions. It is a feeding 
mycetophile and a definite part of the conk 
microcommunity. Poluzzi and Deshusses (1941) 
found the related Dacne on Polyporus squamosus 
in Europe. 

Leng (in Leonard 1928) recorded the bostrichid 
Endecatomus reticulatus Hbst. from Polyporus 
gilvus in New York. 

Although Histeridae were frequently observed 
in soft fungi, none were taken in the collections 
discussed in this paper. Rehfous (1955a) col- 
lected histerids from polypores in Europe, and 
Mr. Rupert Wenzel (personal communication) 
has also taken them from these fungi. Since the 
present study was completed, the author has 
collected numerous histerids (as yet unidentified) 
from a large, stage-V Polyporus sulphureus (7) in 
Flint, Michigan. 

The Pselaphidae, a family that might be 
expected in these fungi, were notably absent from 
the author’s collections. Benick (1952) and 
Rehfous (1955a) recorded several pselaphid 
species from polvpores and other fungi; but, 
according to Professor Orlando Park (personal 
communication), these were members of genera 
commonly found in other situations. Pselaphidae 
are rare on woody fungi, and should be considered 
mycetoxenes. Perhaps they can not compete 
with the Staphylinidae that are so common in 
these habitats. 

DipTERA.—Numerous species of flies are known 
to occur among the fungus insects, but their study 
has virtually been ignored. Canzanelli (1941) 
described life cycles of some fungus-dwelling 
Diptera. Thomas (1929) successfully reared 
Sciara coprophila Lintner and Neosciara pauciseta 
Felt in quart bottles of mushroom mycelium, and 
observed that both these species were parasitized 
by the hymenopteron Calliceras (=Ceraphron) 
n. sp. near ampla Ashmead. He also reared 
cecidomyiid flies in the same way. 

Among the Nematocera, the 
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Mycetophilidae the most ubiquitous. Adults 
were collected chiefly from late-stage Fomes 
applanatus and Polyporus versicolor. The larvae 
probably fed upon the fungus. Many Myceto- 
philidae are known to live upon and destroy 
mushrooms, and some species are notorious mush- 
room pests. The mycetophilids associated with 
polypores, like the closely related Sciaridae of 
similar habits, were classed as mycetophiles. 
Adults of Sciara were reared only from Fomes 
applanatus, but the author found one aggregation 
of 118 larvae in a single conk of Polyporus 
pergamenus. 

Cecidomyiidae have various habits as larvae 
(Comstock 1948), and some have been found in 
fungi (Curran 1934; Peterson 1953). The habits 
of the species collected in this study were not 
discovered, but the adults were most numerous 
in late-stage spore-fruits. Larvae of certain 
Phoridae also are known to feed upon fungi. 
The author reared adult phorids from two collec- 
tions of Fomes applanatus. 

Of the Lonchaeidae, Comstock (1948) stated 
that Lonchaea polita had been reared from a 
decaying Polyporus, and also from human 
excrement. The author reared Lonchaea sp. 
from conks of all successional stages, representing 
two genera and at least four fungus species. 
Prior to pupating the larvae emerged from the 
fungus, apparently in search of suitable pupation 
sites—-which normally may be in or on the soil. 
In the laboratory they pupated directly on the 
bottom of the glass dishes in which they were 
kept. The pupa cases are reddish-brown. 

Drosophilidae frequently are found associated 
with fungi, on which the larvae of certain species 
feed. These probably are mycetophiles. The 
author collected adult drosophilids from five 
species of polypores. 

In occasional instances dipterous larvae of 
mycetophagous habits may overwhelmingly domi- 
nate the population of a conk, tunneling through- 
out the fungus and shortly reducing it to a powder. 
The author estimated that over 10,000 dipterous 
larvae (unidentified further) were present in one 
small conk (No. 39) of Polyporus sulphureus. 
Small numbers of fly larvae were commonly 
found in all stages and many species of poly- 
pores. More research on the. mycetocolous 
Diptera is needed. 

HYMENOPTERA.—All insects of this order that 
were reared from the polypores were members of 
the four superfamilies Ichneumonoidea, Chalci- 
doidea, Cynipoidea, and Proctotrupoidea. The 
techniques used in this study were not such as to 
permit definite association of these entomophag- 
ous parasites with their hosts. 

The braconid Eubadizon orchesiae is known to 
be a parasite of Coleoptera living in polypores 
(personal communications from P. W. Oman and 
recorded hereinafter as PWO). Another 
Eubadizon, apparently undescribed, 
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was taken from one collection (No. 21). Clausen 
(1940) reported this genus as parasitic on lepi- 
dopterous larvae. 

The chalcidoid Camptoptera pulla is a minute, 
feather-winged egg-parasite believed to attack 
thrips eggs (PWO). Some members of the 
encyrtid genus Bothriothorax parasitize syrphid 
flies (PWO:; Peck, in Muesebeck et al. 1951). 
The U. S. National Museum has many specimens 
of the metallic green pteromalid Trigonoderus 
unguttus that were reared from polypores—one of 
them from the weevil Euparius marmoreus which 
develops in these fungi (PWO) and which was 
collected once in this study (No. 48). An ap- 
parently new species of the eulophid genus 
Astichus occurred in Nos. 16, 46, and 50. Peck 
(op cit.) listed species of Brachycis and Ceracis 
as hosts of the related Astichus pulchrilineatus 
Gahan in the eastern United States, and Ferriére 
(1955) gave A. arithmeticus Forst. as a parasite of 
the fungus beetle Cis boleti in Europe. The 
numerous minute species of Tetrastichus gen- 
erally develop as internal parasites of eggs, larvae, 
and pupae of other insects (Clausen 1940); their 
hosts represent several insect orders and include 
other parasitic Hymenoptera, gall-making Cyni- 
pidae, and even egg cases of argiopid spiders 
(see Peck, op. cit.). 

The eucoiline Cynipidae are parasites of Diptera 
(Ferriére 1955; Weld, in Muesebeck et al. 1951), 
but no host record is known for Odonteucoila 
(PWO). 

The host preferences and habits of the Cera- 
phronidae (=Calliceratidae) are poorly known 
(Clausen 1940). Some of them parasitize Diptera 
(PWO), including Cecidomyiidae (Comstock 
1948), which are common in these fungi. Thomas 
(1929) recorded an undescribed species of Cera- 
phron (=Calliceras) as a parasite of two myceto- 
colous Diptera. Ferriére (1955) collected Cono- 
stigmus from fungi. Townes (in Muesebeck et 
al. 1951) listed hosts for only a few of the North 
American Conostigmus species; most of these were 
Diptera (Syrphidae and Tachinidae). 

The many insect larvae that develop in fungi 
doubtless attract these parasitic wasps, and the 
latter play no small role in the microcommunity 
through reduction of the populations of their 
hosts. Some species may even be restricted to 
fungi. 

Part 2. Food Web 

The study of food relationships in a complex 
community is difficult, largely because data 
always are incomplete. Most food webs, there- 
fore, are filmy structures with very few of their 
strands anchored and with many dangling loose 
ends. The food web discussed here is only a 
partial, incomplete network of known and inferred 
food chains. This general food web for polypores 
(fig. 2) diagrams some of the food relationships 
observed in this study and some cited by other 
authors. The arrows in the diagram point from 
food to feeder 
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In studying the fauna of any community it is 
important to consider all the organisms present. 
This has seldom been done. Benick (1952), for 
example, apparently never even saw mites, 
though he did notice the presence of a few Col- 
lembola and fly larvae. As for the Hymenoptera, 
he noted that only a few ants visited the fungi 
The author collected 13 species of parasitic 
Hymenoptera from polypores alone. Some of 
them, due to their polyembryonic tendencies 
and great reproductive potential, may be of 
considerable importance. Benick noted that the 
Coleoptera dominated the community, with 
dipterous larvae following next in importance. 
These two groups undoubtedly are important, 
but Benick failed to consider the Collembola and 
the Acarina. Because of the tremendous num- 
bers in which they occur, these latter may be of 
greater relative importance in the community 
This merely serves to emphasize the need for 
the Berlese technique or other effective collecting 
methods in the study of such habitats. 

The base of the food web is the woody substrate 
from which the fungi derive their nourishment 
This wood, formed by living trees, corresponds to 
the “photosynthetic level’ of Allee et al. (1949) 
The developing hyphae of the fungi penetrate 
and digest this woody material, and eventually 
produce a spore-fruit or conk. The spores and 
context of this conk are eaten by a complex assort- 
ment of mycetophagous animals. These latter 
in turn are devoured by predatory forms or 
attacked by carnivorous parasites. Rehfous 
(1955a) considered that one-third of the beetle 
species found in fungi were predators. This is 
probably true, since the Staphylinidae—a pre- 
dominantly predatory family—contains the ma- 
jority of mycetocolous beetle species. The pred- 
ator-carnivore-parasite group is extremely com- 
plicated, due to the fact that these species may 
prey upon herbivores or upon other carnivores 
Saprophages and molds, bacteria, and other 
organisms of decay eventually reduce materials 
such as dead animals, feces, fungus remnants, 
and other debris into compounds that may be 
used by growing photosynthetic plants, thus 
completing the cycle. 


Part 3. Species Specificity 

As a rule, there seems to be little marked 
specificity on the part of most mycetocolous 
animals for individual species of polypores. In 
isolated cases there probably are such preferences. 
Thus Rehfous (1955a) mentioned the preference 
of the beetle Oecoptoma thoracica for fungi with a 
cadaveric odor, and Benick (1952) found this 
species attracted by any fetid odor. H. S$ 
Dybas (personal communication) believes that 
certain beetles, including at least one species of 
nanoselline ptiliid, may show marked preferences 
for certain polypore species. 

No conclusions regarding preferences can be 
drawn safely from the present studv. Fomes 
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applanatus yielded the largest number of animal 
species, but this fungus was represented by 20 
collections while a few other fungus species were 
collected only once. Polyporus pergamenus, col- 
lected only once (No. 48), had the greatest variety 
of species found in any single collection. 

Since almost none of the mites could be identi- 
fied to species (several represented new genera 
and species), and since so little is known about 
their habits, it is impossible to determine whether 
any of these Acarina are specific to certain poly- 
pore species, or even to the Polyporaceae. 

The species of Collembola—-the second most 
numerous order—appeared to show no species 
specificity. Even little-known species, such as 
Achorutes nothus, have been taken from the sur- 
face of snow in winter and from moss (H. B. 
Mills, personal communication). Of the numer- 
ous species collected from polypores, all have 
been recorded from one or more other situations. 

In general, it appears that if an animal species 
is found on one species of polypore it is likely to 
be found on several others. The author, there- 
fore, agrees with Rehfous (1955a) that there is 
practically no species specificity, though there 
may be certain marked preferences for certain 
fungi. 

Although specificity is low at the host species 
level, there is a marked difference at the family 
level. The population of the woody Polyporaceae 


differs, by the presence of many species and the 


absence of numerous others, from that of the 
Agaricaceae and other soft fungi (Park 1931; 
Benick 1952; Rehfous 1955a). The Agaricaceae 
support fewer species but a greater number of 
individuals, while the Polyporaceae have many 
species (of beetles) but fewer individuals (Rehfous 
1955a). Many species are common to both 
faunas. Some that are common in polypores 
are not even specific to fungi, but occur in a 
number of situations—e.g., many Collembola 


Part 4. 


Along with the changes in the spore-fruit due 
to aging, animal attack, and decomposition, 
there is an associated change in the makeup of 
the faunal population. Some animal species are 
restricted to a single stage in the conk microsere 
Benick (1952) mentioned the staphylinids Gy- 
rophaena, Oxypoda alternans, and several species 
of Atheta, as “pioneer” beetles which invaded 
newly developing conks. Rehfous (1955a) in- 
cluded scaphidiids, Cis, and certain carabids 
(Pterostichus) in this ‘“‘pioneer”’ category. 

Unless a species has been collected repeatedly 
from spore-fruits of a given stage (i.e., has a high 
frequency of collection), it can not be linked 
definitely with any stage or stages of fungus 
succession. Species found only occasionally are 
therefore excluded from this discussion. 

Many species and higher taxa occurred in all 
stages of the conks. A number of these were 
found in all except the dry stage (IVa). Fre- 
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quently the abundance and ecological importance 
of such forms differed strikingly in the several 
stages of the microsere. Conclusions drawn in 
this section are based upon statistical analyses 
of many conks, often members of several species, 
in a given stage 


PERCENTAGE 


Fic. 3.—Faunal succession in polypores. Percentage 
of the total arthropod population formed by the Acarina, 
Collembola, Cisidae, Corrodentia, and these four groups 
combined. 


Roughly 40,000 organismis were collected during 
this study. Of these, more than 16,300 were 
from stage II, over 11,520 from stage III, ap- 
proximately 1,000 from stage IVa, 6,205 from 
stage IVb, and 4,778 from conks in the mounding 
stage. Four groups of arthropods—Acarina, Col- 
lembola, Cisidae, and Corrodentia—made up from 
85 to 95 percent of the total number of individuals 
in each of these stages (stage I was not studied) 
The relative abundance of the four groups changed 
markedly with the decomposition of their environ- 
ment. Figure 3 shows that the Cisidae and Col- 
lembola increased in abundance relative to the 
total population, while the Acarina decreased in 
this respect. As the decomposition of the conks 
progressed, the Collembola increased in numbers 
both of species and of individuals. The several 
species of Cisidae, however, were found in conks 
of all stages, but their individuals occurred in 
greater numbers in the late ones. The Corro- 
dentia were most characteristic of dry (stage IVa) 
conks 
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Boletotherus cornutus appeared in all stages. 
The mite Linopodes was found in late-stage conks. 
Hymenoptera appeared in all except the dry 
stage. No dipterous larvae were collected from 
stage IVa, and all Diptera were rare in this 
desiccated stage. The Acarina also reached their 
lowest relative abundance in stage IVa. This 
was to be expected, as most mite species probably 
cannot withstand the same dryness that had 
little adverse effect upon the Cisidae. Cisids 
were kept in the laboratory for months on com- 
pletely dry fungus. Pseudoscorpions were charac- 
teristic of late mounding stages; they are normally 
forest-floor residents. 

In general, it can be said that the relative 
abundance of the smaller forms (e. g., mites) 
in the population of the polypore microsere 
decreased as the fungus decayed and/or was 
eaten away, while the relative abundance of 
larger species (Cisidae and Collembola) increased 
steadily with the aging of the spore-fruit. 

The faunal interrelationships of the polypore 
habitat are exceedingly complex, and often dif- 
ficult to determine. As with other habitats, much 
remains a mystery. Further investigations will 
aid in its clarification 


ACKNOWLEDGMENTS 


The author wishes to express his sincere appre- 
ciation to Professor Orlando Park for originally 
suggesting the problem, and for his guidance 
throughout the conduct of this study. The 
author is also very grateful to the following indi- 
viduals for identifications, advice, personal obser- 
vations, and enthusiastic support: Henry S. 
Dybas (Coleoptera); Dr. Harlow B. Mills (Col- 
lembola); Dr. Joseph H. Camin (Acarina); Dr. 
Verne O. Graham (all fungus identifications) ; and 
Rupert Wenzel, Curator of Insects at the Chicago 
Natural History Museum, for the use of facilities. 

Other specialists who contributed generously to 
the identification of various groups are: Dr. 
Nell B. Causey (Diplopoda); Dr. Tom Daggvyv 
(insect larvae); Dr. C. Clayton Hoff (Pseudo- 
scorpionida); Dr. P. W. Oman, of the U.S.D.A. 
Agricultural Research Service, and his staff, in- 
cluding Dr. B. D. Burks and C. F. W. Muesebeck 
(Hymenoptera); Dr. Orlando Park (Coleoptera) ; 
Drs. Charles Seevers and David H. Kistner 
(Staphylinidae); Dr. James A. Slater (Aradidae), 
Dr. Kathryn M. Sommerman (Corrodentia); and 
Dr. Lewis J. Stannard, Jr. (Thysanoptera). The 
aid of these experts is thoroughly appreciated 


REFERENCES CITED 

Allee, W. C., A. E. Emerson, O. Park, T. Park, and K. P. 
Schmidt. 1949. Principles of Animal Ecology. 
Philadelphia: W. B. Saunders Co. 837 pp. 

Baker, E. W., and G. W. Wharton. 1952. An Introduc- 
tion to Acarology. New York: The Macmillan 
Company. 465 pp. 

Baker, F. C. 1939. Fieldbook of Illinois land snails. 
Urbana: Illinois Nat. Hist. Surv. Manual 2. 


Insects of Woody Shelf Fungi 


Pilzkafer und Kaferpilze, 6kologische 


Benick, L. 1952. 
Acta Zool. Fen- 


und statistische Untersuchungen. 

nica 70: 1-250. 
Bessey, E. A. 1950. 

Fungi. New York: 


Morphology and Taxonomy of 
The Blakiston Company. 791 


pp. 
Blatchley, W.S. 1910. An Illustrated Descriptive Cata- 
logue of the Coleoptera or Beetles (Exclusive of the 
Rhynchophora) Known to Occur in Indiana. In- 
dianapolis: Nature Publishing Co. 1,386 pp. 
1926. Heteroptera or True Bugs of Eastern North 
America. Indianapolis: Nature Publishing Co. 1,116 


pp. 

Blatchley, W. S., and C. W. Leng. 1916. Rhynchophora 
or Weevils of Eastern North America. Indianapolis: 
Nature Publishing Co. 682 pp. 

Borror, D. J., and D. M. DeLong. 
tion to the Study of Insects. 
1,030 pp. 

Brown, W. L., 


1954. An Introduc- 
New York: Rinehart. 


Jr. 1954. Collembola 
nematodes. Ecology 35: 421. 

Buchwald, N. F., and F. Helmers. 1946. Fortsatte 
iagttagelser over sporefelding hos téndersvamp 
Polyporus fomentarius (L.) F.  Friesia 3: 212-6. 

Butler, E.A. 1923. A Biology of the British Hemiptera- 
Heteroptera. London: H. F. & G. Witherby. 682 
pp. 

Canzanelli, A. 1941. 
La dittero-fauna fungicola. 
Sci. 5: 211-82. 

Casey, T. L. 1898. 
Sphindidae of America. 
6: 61-94. 

Clausen, C. P. 1940. Entomophagous Insects. 
York: McGraw-Hill Book Co. 688 pp. 
Comstock, J.H. 1948. An Introduction to Entomology. 
9th ed. Ithaca, N. Y.: Comstock Publishing Co., 

Inc. 1,064 pp. 

Curran, C.H. 1934. The Families and Genera of North 
American Diptera. Privately published. 512 pp. 
Daggy, T. 1946. The ecology and taxonomy of the 
immature stages of certain wood-inhabiting Coleop- 
tera of the Chicago region. Ph.D. thesis, North- 

western University, Evanston, III. 

Donisthorpe, H. 1931. Coleoptera found in the ‘“‘birch- 

bracket” fungus, Polyporus betulinus. Ent. Rec. 43:14. 
1935. The British fungicolous Coleoptera. Ent. 
Monthly Mag. 71: 21-31. 

Dury, C. 1917. Synopsis of the coleopterous family 
Cisidae (Cioidae) of America north of Mexico. 
Jour. Cincinnati Soc. Nat. Hist. 22(2): 1-28. 

Dybas, H. S. 1955. New feather-wing beetles from 
termite nests in the American tropics (Coleoptera: 
Ptiliidae). Fieldiana: Zool. 37: 561-77. 

1956. A new genus of minute fungus-pore beetles from 
Oregon (Coleoptera: Ptiliidae). Ibid. 34: 441-8. 

Ewing, H. E. 1909. The Oribatoidea of Illinois. Bull 
Illinois State Lab. Nat. Hist. 7: 337-89. 

1912. The life history and habits of Cheyletus semint- 
vorus Packard. Jour. Econ. Ent. 5: 416-20. 

Ferriére, C. 1955. Note sur les Hyménoptéres des 
champignons. Bull. Soc. Ent. Suisse 28: 106-8. 

Forbes, S.A. 1883. The food relations of the Carabidae 
and Coccinellidae. Bull. Illinois State Lab. Nat. 
Hist. 6: 33-64. 

Graham, V. O. 1944. Mushrooms of the Great Lakes 
Region. Chicago: published jointly by Chicago 
Academy of Science and Chicago Natural History 
Museum. 390 pp. 

Graves, R. C. 1956. 
and its associated fauna. 
University, Evanston, III. 

Guthrie, J. E. 1903. The Collembola of Minnesota. 
Geol. and Nat. Hist. Surv. Minnesota, Zool. Ser. 4. 
110 pp. 

Hatchett, S. P. 1947. Biology of the Isopoda of Michi- 


gan. Ecol. Monogr. 17: 47-79 


feeding upon 


La fauna de funghi freschi, II. 
Comment. Pontif. Acad. 


Studies in the Ptinidae, Cioidae and 
Jour. New York Ent. Soc. 


New 


Ecology of the polypore habitat 


Ph.D. thesis, Northwestern 





7s Annals of the Entomological Society of America 


Hoff, C. C. 1949. The pseudoscorpions of Illinois 
Bull. Illinois Nat. Hist. Surv. 24(4): 413-97. 

Jacot, A. P. 1935. Wildlife of the forest carpet. Sci. 
Month. 40: 425-30. 

1936. Quantitative litter sampling. 
von Lengerken, H. 1921. Cuarabus auratus 
Larve. Arch. Naturgesch. (A) 87(3): 31-113. 

Leonard, M. D. (ed.). 1928. 
York with a list of the spiders and certain other allied 
groups. Cornell Univ. Agric. Expt. Sta. Mem. 101. 
1,121 pp. (Thysanoptera, pp. 66-72, by J. D. Hood 
and G. W. Herrick; Coleoptera, pp. 203-520, by C. 
W. Leng and others.) 

Lesne, P. 1917. Note sur divers Cisides. 
Ent. France 1917: 190-2. 

Lunn, E. T. 1939. The ecology of the forest floor, with 
particular reference to microarthropods. Ph.D. the- 
sis, Northwestern University, Evanston, III. 

Macnamara, C. 1924. The food of Collembola. 
dian Ent. 56: 99-105. 

Maynard, E. A. 1951. A Monograph of the Collembola 
or Springtail Insects of New York State. Ithaca, 
N. Y.: Comstock Publishing Co. 339 pp. 

Mills, H. B. 1934. A Monograph of the Collembola of 
Iowa. Ames, Iowa: Collegiate Press. vii+143 pp. 

Moennich, H.C. 1940. 1940 supplement to the Coleop- 
tera found living in and on various fungi. Bull. 
Brooklyn Ent. Soc. 39: 164-70. 

Muesebeck, C. F. W., K. V. Krombein, H. K. Townes, 
et al. 1951. Hymenoptera of America North of Mexico 

Synoptic Catalog. U.S. Dept. Agric. Monogr. 2. 
1,420 pp. (Braconidae, pp. 90-184, by Muesebeck 
and Luella M. Walkley; Chalcidoidea, pp. 410-594, 
by O. Peck; Cynipoidea, pp. 594-654, by L. H. Weld; 
Proctotrupoidea, pp. 655-718, by H. Townes.) 

Park, O. 1931. Studies in the ecology of forest Coleop- 
tera. II. Ecology 12: 188-207. 

Park, O., and S. I. Auerbach. 1954. Further study of 
the tree-hole complex with emphasis on quantitative 
aspects of the fauna. Ecology 35: 208-22. 

Park, O., S. I. Auerbach, and G. Corley. 1950. The 
tree-hole habitat with emphasis on the pselaphid 
beetle fauna. Bull. Chicago Acad. Sci. 9(2): 19-57. 

Park, O., and J. G. Keller. 1932. 
ecology II. Ecology 13: 335-46. 

Park, O., J. A. Lockett, and D. J. Myers. 1931. Studies 
in nocturnal ecology with special reference to climax 
forest. Ecology 12: 709-25. 

Park, O., and O. Sejba. 1935. 
ecology IV. Megalodacne heros. Ecology 16: 164-72. 

Park, O., and H. F. Strohecker. 1936. Studies in 
nocturnal ecology V. An experiment in conducting 
field classes at night. Ohio Jour. Sci. 36: 46-54. 

Peterson, A. 1953. Larvae of Insects. Part II. Coleop- 
tera, Diptera, Neuroptera, Siphonaptera, Mecoptera, 
Trichoptera. Columbus, Ohio: privately published. 
416 pp. 

Poluzzi, C., and J. Deshusses. 1941. Elévage de larves 
fungivores. Bull. Soc. Ent. Suisse 18: 299. 


Ecology 17: 328. 


Bull. Soc. 


Cana- 


Studies in nocturnal 


Studies in nocturnal 


und seine 


A list of the insects of New 


[Vol. 53 


Mushrooms of eastern Canada 


Pomerleau, R. 1951. 
Montréal: Editions Chante- 


and the United States. 
cler Ltée. 

Rehfous, M. 1955a. 
sectes des champignons. 
1-106. 

1955b. Note sur les Lépidoptéres des champignons. 
Ibid. 109-10. 

Rohde, C. J., Jr. 1955. Studies on arthropods from a 
moss habitat with special emphasis on the life history 
of three oribatoid mites. Ph.D. thesis, Northwestern 
University, Evanston, Il. 

Ross, H. H. 1949. How to collect and preserve insects 
3d ed. Illinois Nat. Hist. Surv. Circ. 39. 59 pp. 
Roubal, J. 1947. Une biocénose coléoptérologique des 

champignons du hétre. Misc. Ent. 30: 24-25. 

Roussin, L. 1947. La faune des champignons. L’Ento- 
mologiste 3: 84-86. 

Savely, H. E., Jr. 1939. 
animals in dead pine and oak logs. 
9: 321-85. 

Scheerpeltz, O., and K. Héfler. 1948. Kafer und Pilze. 
Wien: Verlag fur Jugend und Volk. 351 pp. 

Shelford, V. E. 1913. Animal Communities in Tem- 
perate America as Illustrated in the Chicago Region. 
Geogr. Soc. Chicago Bull. 5; Chicago University 
Press. 362 pp. 

Simonet, J. 1955. 
turés sur les champignons. 
28: 111-4. 

Stécklein, F. 1937. 
Blatter 33: 215-6. 

Strouhal, H. 1926. Pilzfressende Coccinelliden (Trib 

Psylloborini). Zeitschr. wiss. Ins.-Biol. 30: 131-42. 

Thomas, C. A. 1929. A method for rearing mushroom 
insects and mites. Ent. News 40: 222-5 

Tragardh, I. 1933. Methods of automatic 
for studying the fauna of the soil. Bull. 
24: 203-14. 

Walker, J. J. 1935. New localities for Cis bilamellatus 
Wood. Ent. Monthly Mag. 71: 245. 

Weiss, H. B. 1920a. Coleoptera associated with Poly- 
porus versicolor L. in New Jersey. Psyche 27: 137-9 

1920b. Insect enemies of polyporoid fungi. Amer 
Nat. 54: 443-7. 

1920c. Notes on the fungus beetle, Cis vitula Mann 
Psyche 27: 131-4. 

1922. Summary of food habits of North American 
Coleoptera. Amer. Nat. 56: 159-65. 

1924. More notes on fungus insects and their hosts 
Psyche 31: 236-7. 

Weiss, H. B., and E. West. 1920a. Fungus insects and 

their hosts. Proc. Biol. Soc. Washington 33: 1-20. 
1920b. The eggs of Boletotherus. Ent. News 31: 280 
1921. Additional notes on fungus insects. Proc. Biol 

Soc. Washington 34: 167-72. 
1922. Notes on fungus insects. 

198-9. 

Williams, S. R., and R. A. Hefner. 1928. The millipedes 
and centipedes of Ohio. Ohio Biol. Surv. Bull. 18 
Winston, P. W. 1956. The acorn microsere, with 

special reference to arthropods. Ecology 37: 120-32. 


Contributions a l'étude des in- 
Bull. Soc. Ent. Suisse 28: 


Ecological relations of certain 
Ecol. Monogr. 


Note rélative aux Hémiptéres cap- 
Bull. Soc. Ent. Suisse 
Ent 


Philonthus cyanipennis L 


collecting 
Ent. Res 


Canadian Ent. 54: 





CALCIUM OXALATE IN THE OOTHECAE OF COCKROACHES' 


BARBARA STAY?, ABRAM KING, ann LOUIS M 


ROTH? 


Pioneering Research Division, U. S. Army Quartermaster Research and Engineering Center, Natick, Massachusetts 


ABSTRACT 


Calcium oxalate crystals were observed in the 
odthecae of 18 species of oviparous cockroaches, whereas 
no crystals were found in the odthecae of one oviparous 
species or in 8 species which carry their egg cases inter- 
nally. According to X-ray diagrams calcium oxalate 
dihydrate is present in all genera with the exception of 


The occurrence of conspicuous crystals in the 
o6thecal wall of some species of oviparous cock- 
roaches has long been known. Duchamp 
(1878-9) and Kadyi (1879) described octahedral 
crystals in the egg case of Blatta orientalis, and 
Hallez (1885, 1909) identified the crystals by 
chemical methods as calcium oxalate. Similar 
crystals have been observed in the odthecae of 
Blattella germanica (Wheeler 1889; Wigglesworth 
and Beament 1950), Loboptera decipiens (Ito 
1924), Periplaneta americana (Brunet 1952), 
Cariblatta lutea lutea (S. and Z.) (Lawson 1952), 
and Eurycotis floridana (Lawson 1953). Many 
of the same workers who noted crystals in the 
o6thecal wall ascertained that they were formed 
in the lumen of the left colleterial gland (Dufour 
1841; DuChamp 1878-9; Kadyi 1879; Fenard 
1896; Brunet 1952). 

The present study is a microscopic and X-ray 
diffraction examination of odthecae of 27 species 
of cockroaches; a comparison of the quantity of 
calcium oxalate in the oéthecae of two species; 
and experiments on the physiology of the secretion 
of calcium oxalate by the left colleterial gland. 


MATERIAL AND METHODS 

O6thecae were prepared for microscopic exami- 
nation by mounting in balsam small pieces cut 
from empty odthecae. 

For X-ray diffraction study, several empty 
oothecae of each species were pulverized to fine 
200 mesh) powders and placed in extremely 
thin-walled pyrex capillary tubes 0.5 mm _ in 
diameter. 

For quantitative analysis of the calcium oxalate 
in the odthecae of Pertplaneta americana and 
Blattella germanica, egg cases were freed manually 
from debris and embryonic membranes, and 
powdered. The powder was air-dried at 60° C. 
for 2 days and weighed before it was treated with 
2 NHC1 at 40° C. for several days. The insolu- 
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Ectobius in which the monohydrate occurs. Calcium 
oxalate constituted as much as 15 percent of the dry 
weight of the o6theca in Periplaneta americana and about 
0.3 percent in Blattella germanica. Transplanation experi- 
ments indicated that the production of calcium oxalate 
is a specialized function of the cells of the left colleterial 
glands. 


ble portion of the odthecal powder was removed 
from the acid by centrifugation. The calcium 
oxalate, precipitated from the acid solution by 
adding excess calcium chloride, was separated by 
centrifugation and washed with water. Crystals 
thus obtained were tested for the presence of 
oxalic acid by the anilin blue reaction (Feigl 1939, 
p. 336). Samples of crystals used for oxalate 
determination were washed in 0.5 N ammonium 
hydroxide, dissolved in 5 percent sulphuric acid 
and titrated with 0.1 N potassium permangenate 
(Fowler and Bright 1935). 

Transplantation experiments were done with 
carbon-dioxide anesthesia. Colleterial glands, 
which had not yet begun to secrete, were removed 
from newly emerged adults and transplanted in 
saline by micropipette into mated females of the 
same and different species. After a time corre- 
sponding to an active secretory cycle for the 
accessory glands of the host, the hosts were 
dissected and the implanted tissue examined. 
Colleterial glands alone and colleterial glands 
along with active corpora allata from females 
were also transplanted from females to males of 
the same species. The males were dissected and 
the implants examined from 2 to 6 weeks after 
transplantation. Allatectomy of P. americana 
females was done under ether anesthesia. 


RESULTS 
Examination of 27 species of cockroaches 
revealed that crystals generally occur in the 
oéthecae of oviparous species whereas they are 
lacking in the odthecae of species which carry 
their egg cases internally (table 1). Of the ovip- 
arous species examined, only Blattella vaga 
lacked crystals in its o6theca. However, a small 
number of crystals do occur in the odthecal wall 
of the closely related species, Blattella germanica 
and Blattella sp.*Plate 1 shows small portions of 
the exterior surface of the o6thecae of 10 different 
species. It can be seen that the distribution, 

4One odtheca of Blattella (probably B. lituricollis 


(Walker) ), collected by Baker at Mt. Makiling, Luzon, 
Philippine Islands, was examined 
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abundance, and size of the crystals in the o6thecal (fig. 10). In all of the species examined, except 
wall is in some cases a distinguishing generic and Ectobius spp. and Parcoblatta uhleriana, the 
species characteristic. The size of the crystals crystals in the side of the odthecal wall appear as 
embedded in any one odthecal wall may vary quadratic platelets (figs. 1-8) because the basal 
from about 1 to 30 microns as in the three species planes of the tetragonal crystals are parallel to 
of Periplaneta (figs. 1-3); tiny crystals 1 to 4 each other and their optical axes are perpendicular 
microns are characteristic of Ectobius pallidus to the surface of the odtheca (i.e., one sees the 


Table 1.—Occurrence of crystals in o6thecae of cockroaches 
Crystals present Abundance* Identification” Crystals absent 


I. Oviparous species I. Oviparous species 
Periplaneta american (Linnaeus ++ Calcium oxalate 
dihydrate Blattella vaga Hebard 
Periplaneta brunnea Burmeister 4 Calcium oxalate 
dihydrate 
Il. False ovoviparous species 
Periplaneta australasia (Fabricius 
Blaberus crantifer Burmeister 
Periplaneta fuliginosa (Serville 
Blaberus giganteus (Linnaeu 
Nyctibora sp. near glabra Giglio-Tos 
Byrsotria fumigata (Guerin 
Blatta orientalis Linnaeus } Calcium oxalate 
dihydrate 
Leuc ophaea maderae 
(Fabricius )*‘ 
Eurycolis floridana (Walker 4 “alcium oxalate 
dihydrate 
Nau phoeta cinerea (Olivier 
Neostylopyga rhombifolia (Stoll t + “alcium oxalate 
dihydrate 
Pycnoscelus surinamensis 
(Linnaeus ) 
Platyzosteria novae-saelandiae (Brunne 
Panchlora nivea (Linnaeus 
Loboptera decipiens Germar 
Suprella supellectilium (Serville + “alcium oxalate 
dihydrate . False viviparous specie 
Ectobius pallidus (Oliver - ‘alcium oxalate 
monohydrate Diploptera punctata 
Eschscholtz) 
Ectobius panzeri Stephens 
Ectobius sylvester (Poda 
Parcoblatta uhleriana (Saussure ‘alcium oxalate 
dihydrate 
Parcoblatta virginica (Brunner + “alcium oxalate 
dihydrate 
Blattella germanica (Linnaeus Amorphou 


Blatiella lituricollis (Walker 


‘Visual estimation 
Determined by x-ray diffraction. 
Odthecae of L. maderae showed an amorphous x-ray pattern 


EXPLANATION OF PLATE I 
Small pieces cut from the center-side of the o6thecae were mounted in balsam and photographed from the outer 
ace with transmitted light. 437. 
Fic. 1.—Periplaneta americana 
FiG. 2.—Periplaneta brunnea 
FIG. ¢ Periplaneta fuliginosa 
Fic. 4.—Neostylopyga rhombifolia. 
Fic. 5. Loboptera decipiens. 
Fic. 6.—Supella supellectilium 
Fic. 7.—Blattella germanica. 
Fic. 8.—Parcoblatta virginica 
F 


IG. Parcoblatta uhleriana 


. 

0.—Ectobius pallidus. 

1.—Parcoblatia uhleriana. The same field as shown in fig. 9 photographed with polarized light 
2.—Ectobius pallidus. The same field as shown in fig. 10 photographed with polarized light 


Fic. 1 
Fic. | 
Fic. 1 
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top of a pyramid of each crystal). At the keel, 
or top edge, of the odtheca of all species examined, 
and throughout the entire odthecal wall in 
Parcoblatta uhleriana, the crystals are not all 
similarly oriented and do not all appear as quad- 
ratic platelets; the pyramidal faces of the crystals 
can be seen in some instances (fig. 9). When 
viewed under polarized light those crystals whose 
optical axes are not perpendicular to the surface 
of the odtheca become visible (fig. 11). The 
monoclinic crystals in the odthecae of Ectobius 
pallidus (figs. 10 and 12), E. sylvester, and E. 
panzeri are clearly visible under polarized light. 
The relationship between the odthecal surfaces 
and the position of the crystals is not easily 
determined because of the small size and com- 
plexity of optical properties of the crystals. In 
most species the crystals are similarly oriented 
as the viscous secretion is molded against the 
eggs by the pressure of the terminal abdominal 
segments. The egg cases of B. germanica, P. 
virginica, and P. uhleriana have comparatively 
few crystals in the center and lower parts of the 
odthecal wall (figs. 7-9), but more crystals 
toward the top and in the keel of the odtheca. 
The crystals of eight species were identified 
from X-ray diffraction patterns of powdered 
odtheca (see table 1). Two crystalline forms of 
calcium oxalate were identified. All but one of 
the samples produced patterns typical of calcium 
oxalate dihydrate (fig. 14)°. Ectobius pallidus, 
produced a pattern characteristic of calcium 
oxalate monohydrate (fig. 13). The crvstals 
taken from the colleterial glands of E. pallidus 
were also monohydrate, indicating that the 
calcium oxalate crystallized in the monohydrate 
form in the lumen of the gland and was not 
changed subsequently in the odthecal wall. 
Samples of odthecae of Blattella vaga and Leuco- 
phaea maderae showed amorphous patterns, which 


5Calcium oxalate dihydrate, tetragonal, ASTM card 
no. 40702. d=2.78 A, 6.23 A, 2.24 A; 100:90:30 (ASTM, 
1955). 

‘Calcium oxalate monohydrate, monoclinic, ASTM 
card no. 6-0106. d=5.95 A, 3.65 A, 2.36 A; 100:90:80 
(ASTM, 1955). 
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would be expected since no crystals were visible 
microscopically in these odthecae. Odthecae of 
Blattella germanica have clearly visible microscopic 
crystals similar in appearance to those identified 
as calcium oxalate dihydrate, but no crystal 
interferences could be observed in their diffraction 
pattern. Nevertheless, from their morphology 
it may be concluded that the crystals are calcium 
oxalate dihydrate. 


Fic. 13.—X-ray powder diagram of o6thecae of Peri- 
planeta brunnea, calcium oxalate dihydrate. 

Fic. 14.—X-ray powder diagram of oéthecae of 
Ectohius pallidus, calcium oxalate monohydrate. 

The diagrams were made with Cu K a radiation (Ni 
filter), cylindrical camera of 143.2 mm. Exposure 
approximately 45 minutes, at 45 KV and 18 MA 


The crystals of calcium oxalate, especially in 
the species similar to Periplaneta americana, 
appear to occupy a considerable volume of the 
oétheca. Table 1 indicates the relative abun- 
dance of crystals in the odthecae of various 
species (figs. 1-12). The quantity of calcium 
oxalate in the o6theca of Periplaneta americana 
as compared with that of Blattella germanica was 
obtained by a quantitative analysis of the calcium 
oxalate which was extracted from the odthecae 
with dilute hydrochloric acid. Five samples of 
P. americana oothecae weighing 0.3 to 0.5 grams 
each were extracted and titrated for oxalate with 
potassium permanganate. Calcium oxalate dihy- 
drate comprised from 13 to 15 percent of the dry 
weight of the odthecae. 

The calcium oxalate content of the o6thecae of 


Table 2.—Transplanation of colleterial glands 


Number of 


Donor Host animals 


americana 
punctata 
maderae 
punctata 
americana 
americana 
vaga 
germanica 


. americana 2 
. americana dD. 
. americana i, 
. punctata D. 
. punctata Ps 
. maderae Ps 
. germanica B. 


. vaga B. LS 


Number of 
transplants 
| with crystals 


Number of 
secreting 
transplants 


Number of 
living 
transplants 


*The host of one transplant had not produced an odtheca. 
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Fics. 15-18 are photographs of fresh colleterial glands mounted in insect Ringer’s solution. 
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Fic. 15.—Tubule of a normal left colleterial gland from B. germanica; crystals of calcium oxalate occur in the 


lumen. 


Fic. 16.—Tubule of a normal left colleterial gland from B. vaga. 
Tubule of a left colleterial gland of B. germanica that was implanted into B. vaga and remained for 24 


Fic. 17.- 
days. Note crystals of calcium oxalate. 


No crystals occur in lumen. 


Fic. 18.—Tubule of a left colleterial gland of B. vaga that was implanted into B. germanica and remained for 32 


days. Note lack of crystals. 

B. germanica was calculated from potassium 
permanganate titration. As one might judge 
from the appearance of the odtheca, the calcium 
oxalate content of the B. germanica o6theca is 
negligible compared with that of P. americana. 
Calcium oxalate dihydrate constituted 0.4 percent 
and 0.3 percent of the dry weight of the two 
samples of B. germanica odthecae. 

The growth of crystals in the colleterial glands 
was studied in P. americana. Inanewly emerged 
female the left gland contains no secretion in the 
lumen. In virgin females kept at 24° C. and 
70 percent relative humidity, white secretion and 
crystals appear in the lumen 3 or 4 days after 
emergence. The largest crystal found in a 4—-day- 
old virgin female was 94 on a side. In 14-day-old 
virgins the largest crystals may be 20u on a side; 
still larger crystals occur in older females. Char- 
acteristic calcium oxalate crystals were observed 
in the left colleterial glands of three females 
which had been ovariectomized during the last 
nymphal instar. Thus the production of calcium 
oxalate is not directly controlled by the matur- 
ation of ovaries. Scharrer (1946) has shown 
with the non-oxalate-producing cockroach L. 
maderae that the secretory activity of the col- 
leterial glands is independent of the ovaries and 
governed directly by the corpora allata. In 


P. americana allatectomy of newly emerged adult 
females inhibits but not completely reduces the 
secretory activity of the colleterial glands. Eight 
females, allatectomized at emergence were ex- 
amined 96 to 252 days later. None of them had 
produced oéthecae, yet in every case the colleterial 
glands contained a little white secretion and 
crystals of calcium oxalate dihydrate. Whether 
the colleterial glands secreted independently of 
the corpora allata or in response to hormone 
released prior to allatectomy is unknown. How- 
ever, the control of calcium oxalate production is 
linked with the other secretions of the colleterial 
glands. 

Is the secretion of calcium oxalate conditioned 
by the presence of a suitable substrate peculiar 
to oxalate-secreting species or by the specialization 
of the gland cells? This question was answered 
by transplanting colleterial glands from oxalate- 
producing to non-oxalate-producing species and 
vice-versa. First, it was determined with P. 
americana and D. punctata that colleterial gland 
tissue transplanted from one individual to another 
of the same species grew and secreted normally. 
Then, transplants were made between Periplaneta 
americana and two non-oxalate-producing species 
Diploptera punctata and Leucophaea maderae. 
Interspecies transplants were less successful than 
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the intraspecies ones. The implants were often 
a round mass surrounded by blood cells and 
frequently partially sclerotized. Occasionally, 
one or two tubules of the implant remained out- 
side of the sclerotized ball and the lumen contained 
white secretion. Transplants from P. americana 
to D. punctata and L. maderae were more successful 
than vice-versa (see table 2). However, of the 14 
P. americana implants which partially survived 
and secreted scantily in D. punctata, two contained 
small crystals of calcium oxalate. 

Since transplants between different genera were 
relatively unsuccessful transplants were made 
between two closely related species, Blattella 
germanica, which produces calcium oxalate in its 
colleterial glands and B. vaga which does not. 
Glands of B. germanica transplanted into B. vaga 
survived and secreted crystals in the same manner 
as a normal gland (figs. 15 and 17). Likewise, 
glands from B. vaga transplanted to B. germanica 
became filled with secretion but did not produce 
crystals (figs. 16 and 18). In the two cases where 
the implant was alive but did not secrete, the host 
had not undergone an active secretory cycle; the 
host had not produced an odtheca while carrying 
the implant, and its own accessory glands were 
inactive. his would indicate that the implant 
secretes in response to the environment of the 
host, not to a stimulus or substrate which it 
received prior to transplantion. Therefore, it 
may be concluded that the cells of the left col- 
leterial gland of B. germanica are specialized for 
the production of calcium oxalate and substrates 
for its production are available in the blood of 
B. vaga, although the colleterial glands of B. 
vaga do not have cells which are capable of 
producing calcium oxalate crystals. 

Colleterial glands were also transplanted from 
female to male P. americana and from female to 
male D. punctata. The results of the experiments 
are summarized in table 3. Although the im- 
planted glands survived, they accumulated only 
traces of secretion and the crystals produced by 
the implanted glands of P. americana were few 
and small. Thus, the male cockroach did not 


Table 3. 


Implantation of 


Female donor Male host Implant 


. americana P. americana 
. americana P. americana 


oe 


corpora allata 
colleterial glands 
colleterial glands 


. punctata D. punctata 
. punctata D. punctata 


+ 


corpora allata 
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provide a suitable environment for normal activity 
of the female accessory glands. This is not 
surprising, inasmuch as the corpora allata of the 
male are not necessary for the production of 
sperm or secretory activity of male accessory 
glands (Scharrer 1946; Mulkern and Lawson 
1957). When two to four corpora allata from 
females were implanted into the male along with 
the colleterial glands, the accumulation of secre- 
tion in the colleterial glands was greatly increased 
in Diploptera punctata. Thus, in D. punctata, it 
is the hormonal environment of the male which 
limits the functioning of implanted female glands. 
In P. americana an increase in secretion of the 
implanted tissue was not readily detected, but 
since the corpora allata were not recovered there 
is no assurance that they survived and were 
secreting. However, it is evident in P. americana 
that the substrate for the production of calcium 
oxalate is present in males as well as females. 

The results of the transplantation experiments 
indicate that the production of calcium oxalate 
is a specialized function of the cells in the colleterial 
glands. 

DISCUSSION 

Clark (1958) has reviewed the literature on 
calcium and magnesium in insects. Calcium 
salts other than oxalate occur in the egg coverings 
of Orthoptera other than cockroaches. Calcium 
carbonate and calcium oxalate invest the chorion 
of the eggs of stick insects (Pantel 1919; Moscona 
1950a). Calcium citrate crystals, identified by 
X-rays and infrared, were found in the egg case 
of praying mantids (Parker and Rudall 1955), 
whereas calcium carbonate, identified histochem- 
ically was reported in egg packets of Japanese 
mantids (Kato and Kubomura 1956). In cock- 
roaches the calcium oxalate crystals are formed in 
colleterial glands along with the other odthecal 
material, whereas in mantids a special gland of the 
seventh sternite produces the crystals of citrate 
In the stick insects the calcium salts, deposited 
in the chorion by the follicular epithelium, are 
stored in the malpighian tubules (Pantel 1919; 
Ramsay 1955). 


colleterial glands into males. 


Number of 
implants 
with crystals 


Number Number of 
of secreting 
animals implants 


colleterial glands 
colleterial glands 


Implants remained 3-6 weeks in P americana and 2-6 weeks in D. punctata before examination. 
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The function of the calcium oxalate crystals in 
the odthecae has not been established. It is 
unlikely that calcium is transferred to the embryos 
during embryogenesis as occurs in the stick 
insects (Moscona 1948, 1950b). Brunet (1952) 
indicates that the fundamental function may be 
to create the proper pH for the oxidation of the 
phenol which is connected with o6thecal tanning. 
However, tanning of the oétheca occurs in the 
ovoviviparous species which have no calcium 
oxalate and the presence of crystals in odthecae 
which are abandoned by the female, the total 
absence in odthecae which are carried internally, 
and its paucity in o6thecae which are carried 
externally suggests a structural and protective 
role for the crystals. In the odthecae which are 
abandoned during development of the embryos, 
the calcium oxalate may help protect the eggs 
simply by thickening the odthecal wall. Since 
oxalate, as a salt, is immune to fungal attack 
(Foster 1949, p. 329, 338-9) the calcium oxalate 
would be a structural part of the oétheca which 
would not support mold growth. If calcium 
oxalate is merely an excretory product in the 
oétheca, it might be expected that cockroaches 
which do not eliminate calcium oxalate in their 
oéthecae might do so through the malpighian 
tubules. But the occurrence of calcium oxalate 
in the malpighian tubules of cockroaches is rare 
in Oviparous as well as viviparous forms, and in 
males as well as females (Stay, unpublished 
observations). However, the cockroaches whose 
colleterial glands do not produce calcium oxalate 
are capable of supporting the production of the 
calcium salt in transplanted glands which have 
cells specialized for the function. Brunet (1952) 
indicates that in P. americana the cells at the 
anterior end of the left colleterial gland secrete 
the calcium oxalate. 

Some studies have been made on calcium oxa- 
late in human urinary calculi (Prien and Frondel 
1947). Stones of the monohydrate are more 
common than the dihydrate but frequently both 
hydrates occur in the same stone. Prien and 
Frondel believe that the two hydrates are direct 
products of crystallization from the urine and not 
converted from one to the other. A_ micro- 
chemical and histochemical comparison of the 
different types of colleterial glands in Orthoptera 
might illuminate the possible function of the 
crystals in relation to tanning, as well as the 
mechanism of crystal formation. 
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POSTEMERGENCE CHANGES OF ENZYME ACTIVITY IN THE 
MOSQUITO, AEDES AEGYPTI (L.)' 


EDWARD N. LAMBREMONT? 
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ABSTRACT 


Acid phosphatase was at a maximum in both sexes of 
Aedes aegypti (L.) during the first day of adult life. Its 
activity steadily decreased to 28 percent of that of the 
first day by the end of 12 days in females and to 30 per- 
cent after 18 days in males. After 40 days the activity 
in females was only 25 percent. Activity of adenosine- 
triphosphatase (ATPase) declined similarly in males, 
with only 30 percent of that of day-old individuals re- 
maining after 10 days. In females the activity was 


The need for an understanding of the details of 
the physiology and biochemistry of senescence 
has been emphasized by several contemporary 


gerontologists (Lansing 1947, 1951; Comfort 1956; 


Shock 1956; and Rockstein 1950, 1953, 1956). 
It was with their ideas in mind that the work 
described in this paper was undertaken. Al- 
though the deterioration of a system as complex 
as protoplasm cannot be explained by changes 
in one or two enzymes, it will be necessary to 
know what the specific alterations accompanying 
senility are before we can understand the entire 
phenomenon. 

Since the enzymes acid phosphatase (acid 
phosphomonoesterase) and ATPase (adenosinetri- 
phosphatase) are known to be of importance in 
intermediary metabolism, it was thought that a 
study of these enzymes throughout the insect’s 
adult life might yield information about age 
changes of cellular catalysts, with a possible 
bearing on the fundamental causes of senescence. 
The functions of ATP and of enzymes catalyzing 
the release of energy by breaking the high energy 
phosphate bond are well known. It is now 
thought that the dephosphorylation of these bonds 

1Part of a dissertation presented to the Graduate 
School of The Ohio State University in partial fulfillment 
of the requirements for the degree Doctor of Philosophy. 
Accepted for publication May 21, 1959. 

2Present address: United States Department of 
Agriculture, ARS, Entomology Research Division, Agri- 
cultural Center, University Station, Baton Rouge, 
Louisiana. 


quite variable in different age groups and no overall 
trends were observable. The drop in phosphatase 
activity probably was not due to a depletion of substrate 
or of enzyme cofactors from the cell, since all factors of 
the reaction mixture were added at optimal strength. 
The changes in enzyme activity were believed due to 
changes in the enzyme molecules themselves, either dif- 
ferences in amount, or in reactive sites, or both. 


provides one of the main sources of rapidly 
releasable energy for muscular contraction, and 
for hosts of other reactions initiated by, or under- 
going, energy exchanges. ATP metabolism pro- 
vides energy for some of the steps in the break- 
down of glycogen and glucose, and the oxidation 
of some intermediates of glycolysis. ATP also 
functions in fixation of COs, synthesis of peptide 
bonds, phosphorylation and transphosphorylation, 
intermediate steps linking carbohydrate to lipid 
metabolism, acetate activation, synthesis of 
nucleic acids, bioluminescence, action of many 
snake venoms, and many other physiological 
processes. 

Although the physiological functions of the 
phosphatases are not as well understood as those 
of ATPase, they have been shown to be important 
in the metabolism of carbohydrates, nucleotides, 
and phospholipids. Phosphatases apparently 
bring about a linkage of lipid-carbohydrate syn- 
thesis and intraconvertability, and play a part in 
the processes of muscle contraction. Moog (1946) 
summarized the roles of alkaline phosphomonoes- 
terase in both vertebrate and invertebrate animals 
to include synthesis of cuticle, tissue growth and 
differentiation, and synthesis of nucleic acids and 
protein, including silk proteins. Other workers 
have shown that the phosphatases act in the 
active transport of materials across a membrane 
barrier. 

Very little has been done to discover what 
physiological changes take place in the aging 
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adult insect. Several types of progressive change 
have been recorded, lending some support to the 
theories of mechanical wear, accumulation of 
metabolites, and cell number and constituent 
depletion as factors contributing to senescence. 
These alone are inadequate to explain senescence, 
because living cells possess a self-renewal mech- 
anism. Outward signs of old age in the Diptera 
have been noted in the loss of part or all of the 
locomotor structures (Rockstein 1956; Patterson 
1957), and similar observations have been made 
by the writer in handling laboratory colonies of 
Aedes aegypti. The weakening and death of 
some of the individuals was apparently due to the 
fact that they could not move to food because of 
a loss of wings and legs. It is prebable that the 
loss of setae, hairs, antennal structures, bristles 
and other tactile surface organs also brings about 
a reduction in the survival potential of various 
insect individuals in their natural populations. 

Comfort (1956) has reviewed the literature 
covering the distribution of senescence in insects. 
Exhaustion of stored materials ends the life of 
nonfeeding adults of some of the Lepidoptera, 
Ephemeroptera and other groups. The effect of 
depletion of food reserves in the tissues due to 
extended activity, and in reproduction, has been 
related to senescence in insects. Also, the type 
and quantity of essential materials used in the 
production of offspring influence longevity, es- 
pecially if there is no mechanism or opportunity 
for replenishment. 


Some scattered papers are available associating 


enzymatic changes with age. Reiner (1947) has 
made an important contribution by determining 
some of the changes of metabolic activity with 
age, and demonstrating overall decreases in 
carbohydrate metabolism. Dyrbye and Kirk 
(1956) studied the beta-glucuronidase activity of 
aortic and pulmonary tissue of man from birth to 
88 years and found that the enzyme activity 
increased for the first 60 to 69 years, but decreased 
in the very old groups. Zorzoli (1955) reported 
that acid phosphatase of mouse liver remained 
constant in young and adults, then sharply 
decreased in senile mice, although a concurrent 
rise in alkaline phosphatase took place. In the 
human, Vermehren (1939) showed that the level 
of both acid and alkaline phosphatase in blood 
serum was characteristic of age and of the general 
metabolic and pathologic state, and that the 
activity of these two enzymes decreased with 
increasing age but was also influenced by diet. 
Rockstein (1950) was one of the first to study 
enzyme changes in insects. He found that the 
number of nerve cells in the central lobe of the 
brain and in the subesophageal ganglion of the 
adult worker honey bee underwent a steady 
decrease from emergence to old age, but that the 
enzyme cholinesterase, after reaching a peak of 
activity by the first week, showed no subsequent 
decrease. Later Rockstein (1953) studied acid 
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glycerophosphatase in the same insect and found 
that a 90 percent rise in activity occurred up to 
the 10th day, with no changes thereafter, while 
alkaline phosphatase decreased to about 44 
percent below that of day-old bees by the 10th 
day, with no further changes. Watanabe and 
Williams (1951), studying giant mitochondria of 
blow flies, observed a decline of catalase activity 
with age, and Lewis and Slater (1954) found that 
the P:O ratio (atoms of phosphorus esterified per 
atom of oxygen consumed) was higher in sarco- 
somes of older blow flies (Callipho a erythroceph- 
ala (Meigen) ). Levenbook and _ Williams 
(1956), working with the mitochondria of Phormia 
regina (Meigen), showed that individual mito- 
chondria increased in mass during the first week 
of adult life, and that the cytochromes continued 
to be synthesized and increased in titer for a 
week after the adult emerged. They also found 
that the wing-beat frequency of Drosophila 
funebris Fab. and Phormia sp. was lowest at 
emergence time, increasing to a maximum after 
6 days. In Musca domestica L. the activity of 
the enzyme cholinesterase becomes maximal after 
5 days (Babers and Pratt 1950), and cytochrome 
oxidase reaches its peak of activity after 3 days 
(Sacktor 1950). Rockstein (1956) found that the 
activities of both acid glycerophosphatase and 
magnesium-activated ATPase of the house fly 
declined gradually with age to a minimum at 
about the 11th day, and the power of flight was 
lost by the end of the 14th day. Rockstein 
suggested that the reduction in the ability of the 
cell to metabolize phosphorus might be respon- 
sible for the decline of flight ability in the male 
house fly, and could be, in effect, a physiological 
sign of senescence. Brooks (1957) studied suc- 
cinoxidase in Periplaneta americana (L.) and 
demonstrated a correlation between deposits of 
pink pigmentation and increase in enzyme activity 
changing with age in some of the wing and leg 
muscles. Recently Barker and Alexander (1958) 
found decreases in activity of acid and alkaline 
phosphatases in homogenates of the adult house 
fly. 

It is not presently clear what interpretation 
can be placed upon the foregoing information, 
and more studies are needed. Comfort (1956) 
stated that a theory of senescence in postmitotic 
cells might be based on evidence of loss of cellular 
catalysts, the enzymes. The destruction of ac- 
tive enzyme molecules is due to a number of 
factors, such as side reactions and nonspecific 
inactivation, and through competitive inhibition 
by metabolites similar to the substrate. Al- 
though there is no direct evidence, it is thought 
that the enzymes are formed primarily at cell 
division, and since the rate of mitosis decreases 
with age (loss of self-renewal ability) the cellular 
enzymes are not replenished. 

There is enough information to assume that 
with advancing age there is an overall decrease 
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in metabolic efficiency measured in terms of 
various physico-chemical processes. It is dif- 
ficult to be sure whether these changes cause 
senescence, or are a reflection of senescence. 


MATERIALS AND METHODS 


Rearing Aedes aegypti.—The procedure used 
for rearing this species has been adequately de- 
scribed by Burcham et al. (1956). The basic 
problems were those of obtaining adults of a 
known age, and of preserving them in such a 
manner as to permit later enzyme assay. 

The mosquitoes used for any particular aging 
series were always obtained from the same egg 
group, and were reared and aged together under 
uniform laboratory conditions (80° F. and 45 
percent relative humidity). The adults were 
maintained on 10 percent sucrose for all of their 
adulthood. Trays of pupae were kept in holding 
cages equipped with sucrose solution feeders. 
The cage floors had been lined with waxed paper. 
When the adults had completely emerged the 
trays were removed. At previously determined 
intervals (daily for 25 days, then on the 27th, 
30th, 37th and 40th days) one or more. cages 
were removed from the rearing room and all 
adults which had died were discarded by remov- 
ing the paper linings on which they had fallen. 
The remaining living mosquitoes were then frozen 
by placing the entire cage in a deep freeze (—20° 
C.). The frozen adults were segregated as to 
sex in the cold room and later transferred to 
chilled and labeled glass bottles, and were stored 
frozen until used. It had been determined by 
preliminary testing that enzyme activities were 
unaffected by as much as 3 months of frozen 
storage. As groups of progressively older ages 
were taken, it became necessary to pool the sur- 
vivors of several cages in order to obtain sufficient 
insects for the enzyme analysis. 

Preparation of homogenates and assay for enzyme 
activity.—The materials and methods for prepar- 
ing homogenates and of assaying for acid phos- 
phatase activity have been described (Lambre- 
mont 1959). ATPase was assayed by following 
a slight modification of the procedure of Sacktor 
(1953) using the following reaction mixture: 
homogenate, 1.0 ml.; MgCl. (5 x 10-* M), 0.25 
ml.; ATP (10 mg./ml.), 0.25 ml.; tris-HC1 buf- 
fer (0.03 M, pH 7.4, obtained from Sigma Chemi- 
cal Co.), 0.50 ml.; KCl (0.9 percent aqueous 
solution), 3.00 ml. The incubation time was 
30 minutes at 23° C. Homogenates of 50 males 
or 50 females per 3 mi. were prepared in the cold 
and under conditions as uniform as_ possible. 
No attempt was made to select perfect specimens, 
and as it has been determined that the greatest 
percentage of all oxidative enzyme activity 
occurs in the thorax (Gonda et al. 1957), the 
absence of legs was not sufficient cause to reject 
a specimen. It was assumed that all the mos- 
quitoes in the frozen groups had actually died in 
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the freezing process, and were of a uniform age 
although their true ages varied from a few 
minutes to 24 hours. 

Released orthophosphate was determined spec- 
trophotometrically by the method of Rockstein 
and Herron (1951) on a Bausch and Lomb 
Spectronic 20 at 720 millimicrons. Final activity 
is expressed as micrograms of phosphorus released 
per ml. of homogenate per 30 minutes of reaction 
time. Recalculation of all data on the basis of 
a release of phosphorus per mg. of. tissue 
dry weight showed that the same changes in 
activity with age were observable. Tissue dry 
weight had been determined for all homogenate 
samples by drying a measured aliquot in a care- 
fully tared crucible for exactly 24 hours at 100° 
C. and then reweighing. 

RESULTS 

The patterns of activity levels of the two 
enzymes in males and females are presented 
graphically in figure 1. ATPase activity in 
females of all ages up to the 40th day of adult 
life was higher than ATPase in males, and al- 
though successive daily measurements were quite 
variable, there was no overall change in activity 
as older groups were taken. The curve for 
ATPase in females, curve A, was drawn by the 
method of least squares; the other curves were 
estimated. ATPase in males, illustrated by curve 
B, was much lower than in females, but instead 
of remaining constant, a steady decrease in 
activity occurred until the 10th day of life. At 
this time only 30 percent of the original ATPase 
activity remained. After 10 days there were 
insufficient males left in the cages for measure- 
ments of both enzymes, and the few remaining 
males were used to assay acid phosphatase. 

Acid phosphatase activity in females, curve C 
decreased steadily with age to about the 12th 
day of adult life at which time 28 percent of the 
activity remained. Slight additional decreases 
were observed up to the 15th day after which 
no significant changes took place for the rest of 
their adult lives. This occurred similarly in 
males, curve D, in that 30 percent of the activity 
was left after 12 days, and remained unchanged 
up to the 18th day, when no more living males 
were left in the cages. Each point plotted for 
each enzyme represents the net difference be- 
tween the mean of a minimum of two and a 
maximum of three zero time replicates, and a 
minimum of three and a maximum of five activity 
replicates. 

DISCUSSION 

The results of these experiments illustrate 
that a positive correlation exists between age 
and decreases in acid phosphatase in both sexes 
and ATPase in males of Aedes aegypti. However, 
at the present state of knowledge insufficient in- 
formation is available to allow us to visualize a 
clear conclusion between the two correlated facts 
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Daily measurements of activity of ATPase and acid phosphatase in male and 


female adults of Aedes aegypti expressed as micrograms of phosphorus released per ml. of homog- 


enate in 30 minutes of reaction. Curves 


A and B: 
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tively; curves C and D: acid phosphatase in females and males, respectively. 


Since it has been reported in the literature that 
some metabolic activities degenerate with ad- 


vancing age, (Rockstein 1956; Watanabe and 
Williams 1951) we might be justified in 
favoring the interpretation that the positive 
correlation is presenting an overall reflection of 
the survival ability of the individual; however, 
much more critical experimentation will have 
to be made. The fact that the activities de- 
crease steadily to a certain level, but do not drop 
further in the very old adults, may indicate that 
these changes are merely normal postemergence 
maturations unrelated to senescence. 

It is significant that in an experiment of this 
type only the survivors are tested, and hence 
we are measuring metabolic activity in those 
individuals best adapted to the particular environ- 
ment presented them. What was the pattern of 
changes in those that died from each succeeding 
age group’ It has been suggested that the only 
way to gain full insight into the meaning of the 
observations made on physiological senescence 
would be to trace the activity in a representative 


number of single cells throughout the individual’s 
life, and determine if there were a limiting level 
of enzyme (or other metabolic) activity. Also 
it would be helpful to have a method of altering 
the enzyme titer experimentally, to observe if 
there were changes in the onset of senility. 
Except for some studies utilizing vertebrate red 
blood corpuscles, studies of senescence employing 
isolated cells have been largely ignored. Barrows 
(1956) stated that positive correlations existed 
between enzyme decreases and old age when 
compared on a protein nitrogen or on a wet- 
or dry-weight basis, but there was lack of agree- 
ment when activities were based on red blood 
cell count. Again it is important to realize that 
only the surviving cells were being used and there 
was no way of knowing what had happened in the 
cells which did not survive. Therefore, whether 
using whole individuals or organ systems of in- 
dividuals, it is difficult to interpret findings of 
this type, and extreme caution must be taken to 
avoid drawing unwarranted conclusions. 

In studving senescence in the individual (or 
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isolated cell) careful standardization and obser- 
vation will have to be maintained. For instance, 
one individual with a relatively balanced (at 
whatever level that might be) metabolic consti- 
tution might conceivably withstand greater 
changes in some particular enzyme titer than 
another of the same species which possessed (for 
whatever reasons) one or more ill-functioning 
physiological activities. It does not necessarily 
follow that low activity of the enzymes in question 
means a lowered survival ability, for it may be 
found later that they are varying at exactly 
optimal rates to suit the metabolic role of the 
cell. Also it will be important to learn whether 
old, senile cells can reach the same biochemical 
end point by an alternate metabolic pathway. 

Another plausible interpretation of the causes 
of cellular senescence based on data showing 
changes in enzyme activity has been set forth by 
Bourne (1957). As a result of observations that 
in some animal tissues phosphatase activity in- 
creases in old age, he postulated that cellular 
senescence may be the consequence of dephos- 
phorylation of metabolically important  sub- 
stances. If this is true, survival ability would 
be lowered not from a loss in capacity for cata- 
lyzing certain reactions, but rather from a deple- 
tion of substrate. 

The differences in ATPase activity found in the 
present study in males and females agreed with 
observations on other enzymes by other workers 
For instance, Barron and Tahmisian (1948) re- 
ported that the oxygen uptake of skeletal muscle 
of males of Periplaneta americana was twice that 
of females, and Sacktor and Bodenstein (1952) 
found that cytochrome c oxidase in males was 
nearly double that of females of this species. 
Brooks (1957) noted that in the American cock- 
roach there was higher succinoxidase activity and 
pigmentation in male indirect flight and coxal 
muscles than in females, as a function of age. 
Barker and Alexander (1958) stated that female 
house flies always had higher phosphatase 
activity than males. Comfort (1954) believed 
it likely that where a longevity difference between 
the sexes exists, it arises from different behavioral 
patterns and rates of metabolism, 1.e., it is a true 
physiological sexual dimorphism. Data on Dro- 
sophila (Alpatov and Pearl 1929) and other in- 
vertebrate species uphold this idea. Numerous 
other observations have been made which indi- 
cate that the sexes do not always undergo 
physiological senescence in the same manner, 
and it has been generally observed that the male 
has a shorter life span. 

In Aedes females it is possible that the high 
level of ATPase activity as compared to the 
males was correlated with ovarial development, 
and since the females were not blood-fed and 
laid no eggs, the continued high rate of ATPase 
might have been due to a prolongation of metab- 
olism in the reproductive organs. It will be 
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necessary to study ATPase in blood-fed females 
after producing eggs to ascertain if such a mask- 
ing effect exists. 

The reports of Vermehren (1939), Reiner (1947), 
Zorzoli (1955), Rockstein (1956), and the present 
data on Aedes suggest that senility might result, 
at least in part, from an advancing disability of 
the cell to undergo the enzymatically controlled 
reactions known to play important roles in 
physiological processes. We may use the data 
from these studies to help evaluate some of the 
older concepts of senescence. Reiner (1947), 
who studied changes of carbohydrate metabolism 
with age, using whole tissue homogenates, noted 
a consistent decrease in enzymatic activity in 
the older age groups. He concluded that be- 
cause tissue homogenates had been used the 
observed changes could not be attributed to 
alterations in cell permeability. Similar findings 
from cell-free extracts by others would support 
his conclusion. The depletion of important 
enzyme-activating cofactors (such as_ metal 
ions) with age would also have to be ruled out 
because these were supplied in abundance in the 
reaction mixture. Any explanation based on 
changes of hydrogen-ion concentration, loss of 
substrate, or metal ions, and other cell com- 
ponents, must be omitted, for the decrease with 
age still existed when these materials were added 
at optimal strength. The changes in enzyme 
activity noted in these studies, then, must be 
due to changes in the enzyme molecules them- 
selves, either differences in amount, or reactive 
state, or both. Knowledge of the mechanism of 
renewal of the enzyme proteins is necessary for 
further clarification of the theories of senescence. 
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ABSTRACT 


Newly emerged nymphs were reared on diets contain 


ing 0 to 100 mg./kg. of meso-inositol. 


growth, maturation, and 


minimal level lies between 40 and 80 mg 


Lnositol] has never been shown to be an absolute 
requirement for any species of insect (Lipke and 
Fraenkel 1956) other than Periplaneta americana 
(Forgash 1958). In the latter case it was shown 
that the minimal level for satisfactory develop- 
ment was below 100 mg./kg. of diet, and that 
roaches on diets deficient in inositol developed 
very slowly, had a very high rate of mortality, 
and seldom attained maturity. 

Those insects which have been shown not to 
require inositol in their diets are: Silvanus 
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Observations of 
indicate that the 


kg 


survival 


surinamensis, Lasioderma  serricorne, Sitodrepa 
panicea (Fraenkel and Blewett 1943a, 1943b); 
Tenebrio molitor (Fraenkel et al. 1950); Tineola 
bisselliella (Fraenkel and Blewett 1946a); Ephestia 
elutella, Ephestia cantella, and Plodia inter punc- 
tella (Fraenkel and Blewett 1946b); Blattella 
germanica (Noland et al. 1949); Culex molestus 
(Lichtenstein 1948); Drosophila melanogaster 
(Schultz et al. 1946). 

There have been several instances, however, 
where inositol seemed to favor growth to a small 
but measurable degree. Both Tribolium con- 
fusum and Ptinus tectus grew slightly better when 
the diet included inositol (Fraenkel and Blewett 
1943b). It also appeared to have some nutritional 
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Table 1.—The effect of the levels of dietary inositol on the growth and survival of the American cockroach. 


Weight + avg. dev. 
Time on diet = 


VI! vi" 


mg./nymph 
14+] 16+1 
42+3 37 +1 
67+8 50+5 
101+3 77+19 
129+1] 96+ 19 
152+2 113 +26 


Days 
32 
66 
87 
104 
131 
151 


19+] 

66 +2 

130+9 

196=8 
303 + 12 
103 +9 


VA=Gaines Krunchons. 


Vii to VI'=1 mg. to 100 mg. inositol/kg. diet. 


value in the case of Ephestia kuehniella (Fraenkel 
and Blewett 1946b), although in this instance, 
also, the effect was not pronounced. 

The present work is an extension of studies on 
the dietary inositol requirement of the American 
cockroach, Periplaneta americana. 


MATERIALS AND METHODS 


The test diet had the following composition: 
Dextrose U.S.P. (Fisher) 314 gm./kg. 
Vitamin—Free Casein (G.B.I.) 300 
Non-nutritive fiber (G.B.I.) 300 
Linseed Oil—Raw (Dutch Boy) 30 
Wesson Salt Mixture (G.B.I.) 40 
Cholesterol C.P. (Fisher) 10 
Choline Chloride (Fisher) 4 
Para-amino-benzoic acid C.P. 

(Fisher) 

Nicotinic Acid U.S.P. (Fisher) 
Thiamine Hydrochloride U.S.P 

(Fisher) 

Calcium Pantothenate (Eastman 

Kodak) 

Pyridoxine Hydrochloride (G.B.I.) 
Riboflavin U.S.P. (Fisher) 
D L Methionine (Interchemical 

Corp.) IS 
Folic Acid (G.B.I.) (5 
Biotin (G.B.I.) 6 


300 
100 


mg./kg. 


70 


40) 
1S 
1S 


Table 2. 


Time 
on 
diet 


Weight += avg. dev. 
Vie VI VI" Vs 


mg./nymph 
Q+] 9+0 
31+3 30=1 
4443 4923 
50+2 51+0 
62+3 64+2 
95+2 93+4 


144+3 146+1 


Days 
24 7+] 
51 31+3 
79 57+10 
107 61+5 

135 81+14 
163 165+21 
195 342 +32 
248 - 


Q+2 
31+2 
52+2 
62+3 
77+3 
130+1 
218+4 
447 +19 


7+] 
34+2 
54+3 
76+ 14 
&88+9 
137 +7 
212+12 
378+2 


10+] 
3443 
48+7 
53+9 
55+5 
96+ 11 
152+23 


VA=Gaines Krunchons. 
VI° to VI'"=0 to 100 mg. inositol/kg 


Survival + avg. dev. 


vi Vie | vite 


percent 
90+ 1 
76+7 
65+ 1 
59+1 
534 
1%+3 


98+2 
82+2 
72+1 
69+2 
58+9 
54+9 


Is=+1 
77+7 
124+5 
203 + 12 
280 +9 
352+ 12 


Meso-inositol (G.B.I.), in various concentra- 
tions, was added to the diets with the water- 
soluble vitamins. The details of diet preparation 
and rearing have been described (Forgash 1958) 
In all tests a standard diet of Gaines Krunchons 
was included for comparative purposes. 

Each diet was replicated once per test using 100 
newly emerged nymphs per replicate. Observa- 
tions were made biweekly; however, to conserve 
space the data from every other observation only 
are included in the tables. 


RESULTS 

Three levels of inositol were tested in the 
initial studies: 1, 10 and 100 mg./kg. As in 
previous experiments 100 mg. appeared adequate 
for growth and survival, whereas 1 and 10 mg. 
were completely ineffective (table 1). 

A second series of six diets were tested covering 
the range of 0 to 100 mg. of inositol/kg. (table 2). 
Levels of 10 and 20 mg. did not increase growth 
and survival over that obtained in the inositol- 
free preparation. Diets containing 40 and SO 
mg./kg. were superior to those containing less 
inositol, but were somewhat less efficient than the 
100 mg. preparation with respect to growth. For 
the first 198 days inositol levels of 40 and 80 mg 
appeared equally effective; however, by 248 days 
the average weight and survival on 40 mg. were 
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Survival + avg. dev. 


VA | vie | vee | vie | vie | vie | view 


percent 

7+0 
36+4 
60+0 
80+5 
112+8 
176+9 
291+1 


470+22 — 


96+ 1 
93 + 1 
89+2 
86+3 
81+1 
76+1 


65+3 


89+=5 
87+8 
824 
78+4 
76+6 
74+8 
647 


93+ | 
87 +5 
76+3 
70+2 
60 +0 
47 +11 


94+0 
85=1 
78+2 
67+10 
64+6 
51+10 


O8 + | 
91+5 
8443 
76+ 1 
70+1 
68+ 1 
47+8 


89+ 11 
84+7 
72+2 
65+2 
55+4 


50+4 
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Table 3.—The effect of the level of dietary inositol on the growth and survival of the American cockroach 


Weight + avg. dev. Survival + avg. dev 
Time 
on 


diet vie | vie | vie vim | VA | Vie | vie! vi 


percent 
97+1 9242 97+0 
77+8 74+0 82+3 
61+4 62+4 77+2 
48+1 45+2 60+7 
45+4 4042 54=8 
41+] 38+1 54+8 
34+3 34+3 43=8 
30+3 31+3 41=+8 


Days 

32 14+0 

61 49 +() 

88 81+] 
121 135+3 
148 192+2 
176 260 +6 
220 416+4 
249 481+11 


mg./nymph 
16+1 
30+ 1 
55+7 
95+ 13 
99+4 115+8 
123+18 152+3 
180+24 246+36 
202+33 248+28 


95+ 3 
89+2 
86+3 
86+3 
84+3 
82+2 
77+6 
67+2 


100+=0 
99 +0 
96 +2 
934 
91+3 
90 +3 
87+0 
82+5 


14+0 
54+ 1 
110+1 
166+7 
210+3 
275+6 
409+5 
466 +2 


14+0 
52+2 
87=+1 
132+8 
180+0 
267 + 17 
373+ 10 
434 +28 


15+0 
40 +0 
61+5 
94+7 
114+10 
161+6 
222+ 12 
233 +0 


17x2 
30+ 1 
49+6 
i+] 


I8+1 
30 +2 
48 +2 
75+6 
93+ 11 
139+ 11 
192+11 
193+ 14 


VA=Gaines Krunchons 
VI° to VI'"=0 to 100 mz. inositol/kg. diet. 


378 mg. and 47 percent, respectively, as compared 
to 447 mg. and 65 percent at the higher level. 

The relative effectiveness of the various prep- 
arations is evidenced also in the maturation data 
presented in table 4. Roaches on diets containing 
less than 40 mg. inositol/kg. produced very few 
adults, whereas on 40, 80, and 100 mg., respec- 
tively, 26, 42, and 55 percent of the survivors had 
obtained maturity by 362 days. 

The second diet series was repeated and the 
results (table 3) were similar to those obtained in 
the first test, except that the break in response 
between the 40—- and 80—-mg. levels appeared much 
earlier. After 249 days on the diets, the SO— and 
100-mg. levels appeared equally effective and 
quite superior to the lower levels, the average 
weights and survivals being: VI° 193 mg., 30 
percent; VI 202 mg., 31 percent; VI” 248 mg., 
$1 percent; VI” 233 mg., 50 percent; VI 466 mg., 
67 percent; and VI'® 434 mg., 70 percent. At 
362 days the percentages of survivors attaining 
maturity (table 4) were: VI° none, VI" 6 percent, 
VI” 30 percent, VI” 15 percent, VI® 76 percent, 
and VI'™ 68 percent. 


DISCUSSION 

Previous studies have shown that the American 
cockroach requires inositol for development, the 
required dietary level being less than 100 mg./kg. 
(Forgash 1958). 

The first diet series of the present study contained 
inositol levels of 1, 10, and 100 mg./kg. Develop- 
ment at the two lower concentrations was poor; 
at 151 days individuals on the 10 mg. diet weighed 
68 percent less and had a 32 percent lower survival 
rate than those on 100 mg./kg. (table 1). In 
addition, no adults were obtained at the lower 
levels by the time that maturation was completed 
on the 100-mg. diet. An inositol-free diet was 
not included in the test and thus it was not 
possible to determine the effect of subminimal 
levels of inositol on development. 


Results of the second test (table 2), in which 
five concentrations of inositol were used, showed 
that levels up to 40 mg. were inadequate, although 
a definite response in growth, survival and 
maturation was obtained between 20 and 40 mg. 
After 195 days 80 mg. appeared inferior to 1900 
mg. and no more efficient than 40 mg.; however 
by 248 days there was a marked difference in both 
growth and survival, which indicates that the 
required dietary level is above 40 mg./kg. This 
is further indicated by the poor maturation 
obtained at the 40-mg. level. 


The effect of the level of dietary inositol on 
maturation of the American cockroach 


Table 4. 


Percent reaching maturity 


Time of in- on 
rime by 362 days” 


itial appear- 


ance of adults Staten: | “Ponas 


Females 


Days 
Second 
Test 
"A 235 


Third 

Test 

"A 2 +1 

0 0 
362 3 

’ 334 15 

) 334 } 

) 220 42 

100 249 30 


1 
ou 
4 
st 


I 
I 
I 
I 
I 
I 


*VA=Gaines Krunchons. 
VI° to VI'"=0 to 100 mg. inositol/kg. diet. 
>Expressed as percentage of survivors 
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It should be noted that in all diet groups of 
this test, as well as in the third test, growth was 
considerably slower than in any of the previous 
studies. This was the result of a lower tempera- 
ture in the rearing room during the course of the 
second and third experiments. 

When the second test was repeated, essentially 
the same results were obtained except that almost 
from the beginning there was a marked difference 
in growth rate between the 40— and 80-mg. levels 
(table 3). At 249 days the average weight of 
nymphs on 40 mg./kg. was approximately 50 
percent less than on 80 or 100 mg. In addition 
survival and maturation were considerably poorer 
at the 40—mg. level. 

The importance of inositol to development is 
evident in the results of these studies; for it can 
be seen that as the dietary level was raised over 
the range of 20 to 80 mg./kg. there was a corres- 
ponding increase in growth, survival and matura- 
tion. The level at which maximum response was 
first obtained lies between 40 and 80 mg./kg. 
which, at least for the American cockroach, places 
inositol in the category of the true vitamins 
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KEY TO ADULTS OF DIPTEROUS PARASITES OF SPRUCE BUDWORM, 
CHORISTONEURA FUMIFERANA (CLEM.) 


(LEPIDOPTERA: 


HARRY C. 


TORTRICIDAE)' 


COPPEL+? 


ABSTRAC1 


Studies on the natural control of the spruce budworm, 
Choristoneura fumiferana (Clem.) in British Columbia 
from 1943 to 1948 emphasized the importance of the 
complex of dipterous parasites. Sixteen species were 


The identification of large numbers of parasites 
is an unavoidable requisite of most field research 
on the spruce budworm in North America. In 
biological control studies at the Entomology 
Laboratory, :Belleville, Ontario, many thousands 
of dipterous parasites were reared annually from 
field collections made in infested areas of British 
Columbia. To provide adequately for the trans- 
fer and attempted colonization of certain of these 
parasites into infested areas, it was necessary to 


1Approved for publication by the Director of the 


Wisconsin Agricultural Experiment Station. Accepted 
for publication June 1, 1959. 

2Assistant Professor, Department of Entomology, 
University of Wisconsin, Madison 6, Wisconsin 


reared from larval and pupal collections of the budworm 
The key herein developed, provides the important 
characters for identifying and separating those adults 
most commonly encountered 


make rapid and accurate determinations of living 
adults and to identify emergents from subsequent 
recovery collections. The following key, after 
much revision, is now considered adequate for 
making ready identification of the parasites 

The author gratefully acknowledges the assis- 
tance of the following officers of the Insect 
Systematics and Biological Control Unit: A. 
Wilkes, J. C. Martin (deceased), J. R. Vockeroth, 
and particularly G. E. Shewell for his excellent 
suggestions in the final revision of certain couplets 
and A. R. Brooks who provided pencil illustrations 
of the heads of Nemorilla pyste Walker, Omotoma 
fumiferanae (Tothill), Phryxe pecosensis Town- 
send, and Pseudoperichaeta erecta (Coquillet) 
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Coppel: Dipterous Parasites of the Spruce Budworm 


EXPLANATION OF PLATE I 


Fic. 1.—Wing of Megaselia sp. FiG. 2.—Wing of C. interrupta. FiG. 3.—Sternopleuron of 
S. cooleyi (diagrammatic; Ant.=anterior margin). Fic. 4.—Postscutellum of Tachinidae. 
Fic. 5.—Sternopleuron of A. affinis (diagrammatic; Ant.=anterior margin). Fic. 6.—Wing 
of S. cooleyi. FiG. 7.—Sternopleuron of P. erecta (diagrammatic; Ant.=anterior margin. 
Fic. 8.—Sternopleuron of P. pecosensis (diagrammatic; Ant.=anterior margin). FIG. 9 
Wing of M. stabulans. Fic. 10.—Wing of C. auricaudata. 
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EXPLANATION OF PLATE II 


Fic. 11.—Head of O. fumiferanae, male, lateral view. Fic. 12.—Head of P. pecosensts, 
male, lateral view. Fic. 13.—Arista of M. stabulans. Fic. 14.—Arista of A. affinis. Fic. 
15.—Arista of S. cooleyi. Fic. 16.—Head of N. pyste, male, lateral view. Fic. 17.—Head of 
P. erecta, male, lateral view. 
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Coppel: 


KEY TO THE ADULTS 


Wing venation reduced with strong anterior veins 
and a very weak oblique veins posteriorly 
(fig. A very small (2 to 4 mm. in length), 
es ked species. . . Megaselia sp. 

Wing venation not reduc ed, with longitudinal and 
crossveins, the anterior and posterior veins 
about the same strength (fig. 9). A larger (usu- 
ally 5-15 mm. in length) species, without a 
humpback 

Postscutellum not prominent 

Postscutellum prominent, well dev eloped (fig. 
pscl.). 

Apical cell of wing strongly 
(fig. 6). ; 

Apical cell of wing not strongly narrowed apically 
(fig. 9). A rather large species with arista 
plumose to tip (fig. 13) and with apices of femora 
and most of the tibiae brownish in color. .. 

Muscina stabulans Fallén 

Arista short-plumose on basal half (fig. 14); the 
sternopleural bristles definitely not in a straight 
line (fig. 5) Agria affinis (Fallén) 

Arista long-plumose on basal two-thirds (fig. 15); 
the sternopleural bristles more or less in a 
straight line (fig. 3) 5 

Genitalia black; hind tibia of male with a few (5 
or 6) long hairs on posteroventral surface only 

Sarcophaga aldrichi Parker 

Genitalia red; hind tibia of male with abundant 

long hairs on antero- and posteroventral surfaces 
Sarcophaga cooleyi Parker 

Eyes bare 7 

Eyes hairy 8 

Small spec ies (length 3 to 4 mm.); first, third, and 
fifth wing veins with bristles (fig. 2); abdomen 
shining black with narrow silvery bands on the 
anterior edges of the segments 

Gymnophthalma interrupta (Curran) 

Larger species (length 8 to 10 mm.); first and fifth 
wing veins without bristles; third vein with a few 
bristles at the base (fig. 10); abdomen grey with 
the fourth segment yellowish or golden 

Ceromasia auricaudata Townsend 


narrowed apically 


8. 
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Pteropleural bristle very long, reaching to the pos- 
terior margin of the squamae; prosternum bare; 
abdomen rounded and covered with long erect 
hairs and bristles. . .Lypha setifacies (West.) 

Pteropleural bristle short, never extending beyond 
the anterior one-half of the squamae; prosternum 
bristled... 9 

Third antennal segment never more than 1/4 times 
as long as the second (fig. 11); third segment 
generally partly reddish. .10 

Third antennal segment 2 to 6 times as long as 
second (fig. 12); third segment wholly black or 
slightly reddish only at the base.......... 11 

Scutellum black; parafacials bare (fig. 16); ab- 
domen often with red tip. .Nemorilla pyste Walker 

Scutellum red; parafac ials haired (fig. 11); abdo- 
men without red tip 

Omotoma fumiferanae (Tothill) 

Palpi yellow or yellowish brown 12 

Palpi black or brownish black. . 13 

Head grey; palpi brownish basally 

Ceratochaeta tortricis (Coquillett) 

Head golden; palpi bright yellow. ..... 

Phorocera incrassata Smith 

Scutellum red at tip; three sternopleural bristles 
placed close together in a triangle on posterior 
part (fig. 8). . 14 

Scutellum black; three or four sternopleurals, but 
if only three then the posterior one is far re- 
moved from the anterior two ; -19 

Facial ridge with strong bristles, ascending to 
level of lowest frontal bristle or higher; penulti- 
mate segment of arista 4 to 6 times as long as 
wide. Madremyia saundersii (Williston) 

Facial ridge with weak hairs not ascending to level 
of lowest frontal bristle (fig. 12); penultimate 
segment of arista two or three times as long as 
wide ...Phryxe pecosensis Townsend 

Four sternopleural bristles (fig. 7); apical scutellar 
bristles erect; facial ridge with weak bristles 
ascending about halfway up (fig. 17).... 

Pseudoperichaeta erecta (C oquillett) 

Three sternopleural bristles; apical scutellar bristles 
reclinate; facial ridge with hairs only on lower 
third or fourth Eumea caesar (Aldrich) 
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THE ANT LARVAE OF THE SUBFAMILY MYRMICINAE' 


GEORGE C. WHEELER ano JEANETTE WHEELER 
Department of Biology, University of North Dakota, Grand Forks 


ABSTRACT 


This article serves as the introduction and the con- 
clusion to the authors’ studies on the larvae of the 
Myrmicinae which have appeared in 17 articles in 7 
periodicals during the past quarter-century, and which 
have treated of 202 species in 73 genera, representing 18 
of the 21 tribes. The larvae of the Myrmicinae are so 
heterogeneous that no characterization can be given for 
the subfamily as a whole. As with their respective 
adults, larvae of some genera have retained a rather 
unspecialized structure and others are among the most 
specialized ant larvae, while the majority fall between 
these two extremes. Beyond this, there is little con- 
cordance between adult taxonomy and larval ‘‘tax- 
onomy."’ Six of the tribes were inadequately represented 
in the material available, six could be characterized 
with some degree of satisfaction, and six could not be 


Epigraph No. 1—‘‘Au contraire, la classification 
des Myrmicinae présente des difficultés presque 
insurmontables. En dehors des tribus_ bien 
caractérisées il y a beaucoup de genres qui 
offrent des caractéres peu marqués et des ressem- 
blances multiples . . La classification suivie dans 
le présent ouvrage . . . est, je le sais, loin de me 
satisfaire. Cela tient surtout a l’insuffisance de 
nos connaissances sur nombre de genres. Mais, 
dans un travail d’ensemble comme celui-ci, on ne 
peut pas attendre que les explorations des 
voyageurs et les études des naturalistes aient 
éclairci les points en litige; il faut classer tant bien 
que mal toute chose et se contenter de ce qui est 
possible actuellement.” C. Emery, ‘Genera 
Insectorum,”’ 1921. 

Epigraph No. 2—‘‘The Myrmicinae are a large 
and very heterogeneous assemblage of genera .. . 
In the future the Myrmicinae will probably be 
resolved into several subfamilies.’ W. M. 
Wheeler, ‘““The Social Insects,” 1928. 

Epigraph No. 3—“‘It is difficult to speak in 
general terms about the Subfamily Myrmicinae, 
for no other group of ants shows so much variation 
in morphology and habits. Some of the genera 
have retained a rather primitive structure 
(Myrmica, Manica); others are among our most 
highly evolved ants (Strumigenys, Cryptocerus, 
etc.). The majority of the genera fall between 
these extremes in the amount of structural differ- 
entiation which they show.” W. S. Creighton, 
“The Ants of North America,” 1950. 

The subfamily Myrmicinae is the largest of the 
nine subfamilies of Formicidae, comprising some- 
what more than half of the total genera—180 out 
of 350. We have studied the larvae of 202 species 
in 73 of these genera. The 73 genera, however, 
represent 18 of the 21 tribes usually recognized 
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characterized at all. Despite some discordances at the 
generic level, the genus was found to be the most suitable 
unit for classifying ant larvae. Body shape (especially 
profile) was found the safest character for separating 
genera, with mandible shape second, and anchor-tipped 
hairs third. The profiles of myrmicine larvae were 
generalized into 22 types, and mandible shapes into 30 
types, all of which are described and illustrated. A 
key to some 55 genera is based on larval profile, mandible 
shape, anchor-tipped hairs, and certain minor characters. 
The hypothetical larva of the hypothetical ancestor of 
the subfamily is described; the larva of Pogonomyrmex 
approximates this description most closely. The most 
specialized larvae are those of the Attini (fungus-growers ) 
and the Crematogastrini. 


for the subfamily. The three tribes (Metaponini, 
Ocymyrmicini, and Stereomyrmicini) that are not 
represented in our collections have one genus each, 
and the three added together have only about 20 
species. 

We list here the genera whose larvae we have 
studied, and give references to our various papers 
dealing with the respective tribes or with genera 
included therein. 


Myrmicini (1952a, 1959a, 1959b): Hylomyrma, Manica, 
Myrmica, Paramyrmica, Pogonomyrmex 

Pheidolini (1953a, 1956, 1959b): A phaenogaster, Ischno 
myrmex, Messor, Novomessor, Pheidole, Stenamma, 
Veromessor. 

Melissotarsini (1953b): Rhopalomastix. 

Metaponini (1953b, from literature only; no specimens 
studied). 

Myrmicariini (1953b): Myrmicaria. 

Cardiocondylini (1953b): Cardiocondyla. 

Crematogastrini (1952b, 1959b): Crematogaster 

Solenopsidini (1935, 1955a, 1959b): Allomerus, Anergates, 
Anergatides, Huberia, Liomyrmex, Megalomyrmex, 
Monomorium, Solenopsis, Tranopelta, Vollenhovia, 
Xenomyrmex. 

Pheidologetini (1953c, 1959b): Carebara, Erebomyrma, 
Lophomyrmex, Oligomyrmex, Paedalgus, Pheidologeton, 
Trigonogaster. 

Myrmecinini (1954a, 1959b): Dacryon, 
Myrmecina, Podomyrma, Pristomyrmex 

Meranoplini (1954b): Meranoplus. 

Leptothoracini (1955b, 1957, 1959b): Apsychomyrmex, 
Dacetinops, Harpagoxenus, Leptothorax, Macromischa, 
Macromischoides, Rogeria 

Tetramoriini (1954b, 1959b): Tetramorium, Niphomyrmex 

Ochetomyrmicini (1954b): 

Cataulacini (1954c): Cataulacus. 

Cephalotini (1954c): Cephalotes, 
cryptocerus, Zacryptocerus. 

Basicerotini (1954d, 1959b): 
palothrix. 

Dacetini (1954d, 1959b): A/istruma, Clarkistruma, Dace- 
ton, Epopostruma, Mescstruma, Orectognathus, Smith1- 
struma, Strumigenys. 

Attini (1948, 1959b): Acromyrmex, Apterostigma, Atta, 
Cyphomyrmex, Myrmicocrypta, Sericomyrmex, Trachy 
myrmex. 


Dilobocondyla, 


Wasmannia 


Paracryptocerus, Pro 


Aspididris, Basiceros, Rho- 





1960] Wheeler and Wheeler: 

Our studies on the subfamily Myrmicinae have 
been published in 17 separate articles, scattered 
in seven periodicals, appearing over a period of 
25 years. Several entomologists have expressed 
regret that the studies have not been combined 
into a monograph. We regret this too, but no 
foundation has been willing to publish so long a 
treatise with so many illustrations and without 
economic or popular appeal, and no journal has 
been willing to accept it on the installment plan. 
The exigency of finance, then, has forced us to 
publish the body of the “monograph” piecemeal. 
This present article can be regarded as the intro- 
duction and conclusion. 


LITERATURE ON THE SUBFAMILY 


Adlerz 1886:—Wool-hairs (‘“ullharen = anchor- 
tipped hairs) characterize the Myrmicinae (p. 51). 
Formicine larvae have larger heads than myrmi- 
cine larvae (p. 52). Most of the Myrmicinae 
have stout, more or less cylindrical larvae, which 
are capable of noticeable movement only at the 
anterior end of the body (p. 52). Internal anat- 
omy (pp. 59-64). Ina formal characterization of 
the subfamily (p. 258):—‘‘Wool-hairs of the larvae 
with a double-hooked tip (sometimes, however, 
single-hooked wool-hairs are found alongside the 
double-hooked, as for example in Leptothorax and 
Tomognathus {= Harpagoxenus| which likewise 
show all intermediate stages between these two 
types of wool-hairs; such transitional forms are 
to be found also in Myrmica larvae, which at 
times show wool-hairs with aculeate or short- 
branched hooks). Larvae stout, movement 
slight.” 

Athias-Henriot 1947:—‘tLes Myrmicinés sont 
intermédiaires [entre les Camponotinés et les 
Dolichodérinés}. On y rencontre des types primi- 
tifs se rapprochant des premiers (Aphaenogaster) 
et des types évolués, simples, les reliants aux 
seconds (Crematogaster)”’ (p. 253). ‘Cette sous- 
famille comprend des larves relativement primi- 
tives et des larves trés spécialisées. Elle apparait 
comme peu homogéne, considérée de ce point de 
vue: larves assez inférieures—(1) A phaenogaster, 
(2) Messor, (3) Pheidole; larves évoluées 
(4) Crematogaster, (5) Monomorium. L’ordre 
évolutif des larves de cette sous-famille concorde 
avec celui des adultes o et 8 correspondants. 
Mais les Formicinés, plus spécialisés comme 8, 
ont au contraire des larves plus archaiques’”’ 
(p. 268). Internal anatomy, pp. 259 and 263. 

Bernard 1951:—‘“Larves a téte petite, omni- 
vores ou spécialisées; hypocéphales, bien seg- 
mentées; poils variés, souvent crochus” (p. 1041). 
“Larves primitivement mobiles, capables de 
manger des morceaux d’insectes ou de graines 
placés sur ou prés d’elles par les ouvriéres (Pheidole, 
Novomessor,...), secondairement obéses, peu 
segmentées, comme pour Paedalgus. Les cas de 
polymorphisme larvaire, déja cités chez Allomerus, 
ne semblent pas rares et sont a_rechercher. 
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Nymphes nues. Les ouvriéres peuvent générale- 
ment dégorger le contenu du jabot, soit entre 
elles, soit aux larves et commensaux”’ (p. 1059). 

Bischoff 1927, p. 384:—-Many Myrmicinae feed 
their larvae with the contents of the crop—there- 
fore with liquid food. 

Brun 1924, p. 25:—“Die Futterung wird nun 
bei den héhern Ameisen ... gewdhnlich in der 
Weise vorgenommen, dass die fiitternde Arbeiterin 
einen Tropfen Nahrungsflissigkeit aus ihrem 
Kropfe ausbricht und denselben auf den Mund der 
Larve fallen iasst. Seltener werden grésseren 
Larven auch mit Speichel durchtrankte Sticke 
erbeuteter Insekten, oder—bei den Kornersamm- 
lern—entsprechend aufgeweichte Korner direkt 
zum Frasse vorgelegt.”’ 

Eidmann 1943:—German Myrmicinae _hiber- 
nate with larvae. 

Emery (1899, p. 8) thought that the larvae of 
the Myrmicinae lacked antennae. 

Emery 1921-1922, p. 4:—‘‘Larves pourvues, au 
moins dans le jeune Age, de poils d’accrochage en 
crochet, branchus ou d’autres formes.” 

Forel 1928:—‘‘Larvae very mobile, without 
tubercles, but much less independent than those 
of the Ponerinae. The 8 disgorge food to them’’ 
(Vol. I, p. 134). (=1921, p. 139:—“Les larves 
sont fort mobiles, sans tubercules, mais bien moins 
indépendantes que chez les Ponerinae et les 8 leur 
dégorgent la nourriture.”) ‘The larvae of the 
Ponerinae and some Myrmicinae feed on prey, 
whole or in fragments, which the 8 supply to 
them without cramming. As we have seen, they 
are sufficiently mobile and independent to eat 
alone” (Vol. I, p. 516). (+1922, p. 136:—‘“‘Les 
larves des Ponerinae et de quelques Myrmicinae 
se nourrissent des proies entiéres ou découpées que 
leur donnent les 8 sans les emboquer; elles sont 
assez mobiles et indépendantes pour manger 
seules, avons nous vu.”’) “The larvae of the 
granivorous Myrmicinae are fed by their workers 
with fragments of seeds” (Vol. I, p. 517). 
(=1922, p. 136:—‘‘Les larves des Myrmicinae 
granivores sont nourries par leurs ouvriéres avec 
des parcelles de graines.’’) “The larvae of some 
Myrmicinae . . . are directly fed by their 8 , which 
disgorge to them the contents of their crops” 
(Vol. I, p.517). (+1922, p. 136:—“‘Les larves de 
quelques Myrmicinae... sont nourries directe- 
ment par leurs 8, qui leur dégorgent le contenu 
de leur jabot.’’) 

Gantes 1949, pp. 88-89:—‘‘Chez les deux 
familles, Formicidés et Myrmicidés, nous voyons 
une évolution nette. Cependant 1l’évolution est 
plus poussée chez la derniére sous-famille, avec 
des larves trés évoluées comme Crematogaster . . . 
Chez les Myrmicidés on part de stades trés 
primitifs, comme A phaenogaster ot les larves sont 
trés agiles, pour arriver aux larves trés évoluées 
comme Crematogaster dont la forme se rapproche 
de celle des sexués de Tapinoma. Ces larves 
sont immobiles, ont des mandibules minuscules. 
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Entre les deux nous avons tous les intermédiaires 
: Nous remarquons que dans cette famille 
toutes les espéces ont a peu prés la méme forme de 
mandibule a trois dents, sauf chez Crematogaster. 
Presque toutes ces larves mangent des boulettes 
de nourriture que les fourmis ont déposées sur 
leur ventre, qui sert en quelque sorte de table: 
j’ai observé ceci chez Monomorium. Je n’ai pu 
voir ce qui se passait pour Messor.”’ 

Haskins 1939, p. 37:—‘‘The young have 
changed from the long-necked, athletic types of 
cylindrically tapered organisms to rather squat, 
thick-set, helpless grubs, completely dependent 
upon their nurses for sustenance and care.” 

Kellogg 1905, p. 541:—‘‘The character and 
amount of the food given the larvae is carefully 
controlled by the workers.”’ 

Starcke 1948, pp. 26 and 28:—‘‘Among the 
Myrmicinae four types of larvae can be distin- 
guished. 1°. The ordinary hookform with the 
head bent perpendicularly to the body or even a 
little further, the thoracal segments ranged fan- 
like, the abdomen next without any special 
demarcation, straight, and only the extremity a 
little swollen, with some whitish spots of urate 
cells shining through. Usually the head is for 
one third sunk into the prothorax. With the 
fullgrown larva, the head grows still more into 
the prothoracical segment, until more than half 
its volume is situated there; but even with the 
voungest larva the superior headganglion lies 
already half in the prothorax—that is to say not 
in reality, but when seen in profile. 2°. The caudal 
extremity more swollen. The duct of the labial 
glands broader and its epithelium composed of 
taller cylindrical cells. Vide the fullgrown larvae 
of Messor and Tetramorium. 3°. Plump cylin- 
drical swollen body with the head like a small 
nodule placed upon it on the ventral side, or the 
first two segments are also extended forward with 
the head. Vide larvae of Leptothorax and newly 
emerged Myrmica-larvae. 4°. Body still more 
swollen, of a short oval or nearly globous shape, 
with a small head projecting on the ventral side. 
Some species hypognath. Vide soldier larvae of 
Pheidole, Solenopsis, Crematogaster.”’ 

Wheeler 1900a, p. 27:—‘‘The worker ants can 
control the production of individuals like them- 
selves and of individuals like their queen. It is 
further maintained that these differences are 
effected by the quantity and quality of the food 
administered to the larvae at a certain period of 
their development; but here our knowledge ends. 
These data have been accumulated from the study 


2** Specialized. ,.Adapted to a special, limited way of 
life. The opposite of this word is umspecialized, not 
primitive. Unspecialized and specialized concern animals’ 
relation to the environment. Primitive and derivative 
concern animals’ phylogenetic relation to each other 
An unspecialized animal can be derivative, and a special- 
ized one can be primitive. To use these words properly 
is not an affectation. It is necessary to clear thinking 


Darlington 1957, p. 25.) 


Annals of the Entomological Soctety of 


America lVol. 53 


of the specialized Myrmicine and Formicine ants 
of Europe and North America.’ 

Wheeler 1900b, p. 62:—The larvae are 
with hairs instead of bristly tubercles.”’ 

Wheeler 1922, p. 125:—‘‘Larva thick-bodied, 
orthocephalic, without exudatory papillae around 
the mouth. The body is, as a rule, abundantly 
covered with chitinous hairs of very different 
kinds; dorsal oncochaetae often present.”’ 

Wheeler 1937, p. 38:—The harvesting Myrmi- 
cinae and the Attini place food within reach of 
the larval mouth parts, but many Myrmicinae 
regurgitate liquid food from the nurse’s crop to 
the larvae 


‘ 


‘covered 


HETEROGENEITY 

Like their adults, the larvae of the Myrmicinae 
are a heterogeneous assemblage. Paraphrasing 
Creighton:—It is difficult to speak about them in 
general terms, for no other subfamily shows such 
variation in morphology; some of the genera (like 
their adults) have retained a rather unspecialized? 
structure; others (like their adults) are among our 
most highly specialized ant larvae; the majority 
of the genera (again like their adults) fall between 
these extremes in the amount of structural 
differentiation which they show 

Beyond this, however, there is little concordance 
between the taxonomy of the adults and that of 
their larvae. We began with the hope (born of a 
limited sampling of genera) that we might be able 
to construct a generalized diagram for each sub- 
family of the Formicidae. But that faded 
rapidly for the Myrmicinae. Then we hoped that 
we might be able to get tribal diagrams. That 
hope was considerably dimmed but not extin- 
guished. Of the 18 tribes in our collection six 
are not adequately represented and hence do not 
merit characterization. Six can be characterized 
with at least some degree of satisfaction: Myrmi- 
cini, Crematogastrini, Cataulacini, ( ‘ephalotini, 
Basicerotini and Attini. The remaining six 
tribes (as adults) are “very unsatisfactorily 
defined” (W. M. Wheeler 1922, p. 659). We say 
the same about their larvae: 

I. The larvae of the Pheidolini fall into two 
distinct groups: (1) Pheidole and /schnomyrmex; 
2) Stenamma, A phaenogaster, Messor, Novomessor, 
and Veromessor. We might even go so far as to 
suggest that the latter group be transferred to 
the Myrmicini. 

II. The larvae of the 
divided into six groups: (1) Vollenhovia; (2) 
Monomorium (except antarcticum), Solenopsis, 
Anergates and Megalomyrmex; (3) Monomorium 
antarcticum; (4) Allomerus; (5) Liomyrmex; (6) 
“a es 


III. The 


Solenopsidini may be 


larvae of the Pheidologetini may be 
grouped into the subtribes recognized in the 
Genera Insectorum: (1) Trigonogaster and (prob- 
ably) Lophomyrmex (subtribe Lophomyrmicini) ; 
(2) Pheidologeton, Oligomyrmex, Erebomyrma, 
Carebara and Paedalgus (subtribe Pheidologetini) 
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IV. The larvae of the Myrmicinini fall into 
two groups: (1) Podomyrma and Dilobocondyla; 
(2) Myrmecina and Pristomyrmex. 


Illustration of method of arriving at 
generalized body profiles. The dashed line is the 8-cm. 
‘base line’’ (first abdominal spiracle to anus). The 
dotted lines are the profiles for the genera Cephalotes, 
Crematogaster, Paracryptocerus and Xenomyrmex. The 
solid line is the ‘‘averaged"’ generalized crematogastri- 
form profile 


TEXT FIGURE 1. 


\V. The larvae of the Leptothoracini must be 
divided into five groups: (1) Macromishoides; 
(2) Apsychomyrmex; (3) Rogeria; (4) Leptothorax 
(subgenera M yrafant and Dichothorax) and Macro- 
mischa; (5) Harpagoxenus and Leptothorax (sub- 
genera Leptothorax and Nesomyrmex). Emery 
(1922, pp. 244 and 266) was puzzled by the adults 
of this tribe: ‘‘J’ai rattaché, comme ‘genera 
incertae sedis’, a la tribu des Leptothoracini 
Rogeria et un certain nombre de petits genres 
(Lachnomyrmex, A psychomyrmex et Adelomyrmex) 
qui ont la massue des antennes de deux articles.”’ 
“Je classe les quatre genres suivants | Rogeria, 
A psychomyrmex, Adelomyrmex, Lachnomyrmex}| 
dans la tribu des Leptothoracini, non sans de forts 
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doutes, attendu que les o& et méme les ailes de 9 
me sont inconnus. Les genres Rogeria, Apsy- 
chomyrmex et Adelomyrmex me semblent consti- 
tuer un groupe naturel et se rattacher, par 
Rogeria, a Leptothorax et a Macromischa.” 

VI. The sixth tribe, Tetramoriini, is inade- 
quately represented in our collection, but the 
larva of Tetramorium (the largest genus) shows 
rather close affinity to the  unspecialized 
Myrmicini. 

In contrast to the tribes on Wheeler’s list stands 
the tribe Dacetini—an easily defined and special- 
ized group (as adults) showing an extreme re- 
duction in the number of antennal segments, 
while the head shape, head hairs and mandibles 
could be characterized as bizarre. But their 
larvae are a heterogeneous group and, besides 
that, they are all quite ordinary and far less 
specialized than the larvae of many other genera. 

In addition to these tribal troubles there are a 
few discordances at the generic level. The differ- 
ences between Novomessor manni and the other 
species of that genus are of generic magnitude. 
Monomorium antarcticum is generically distinct 
from all our other species of Monomorium. 
Leptothorax is divisible into two generic groups: 
subgenera Dichothorax and Myrafant vs. sub- 
genera Leptothorax and Nesomyrmex. The dif- 
ferences between Acromyrmex lundi and the other 
two species studied (octospinosus and emilit) are 
of generic magnitude. Sericomyrmex amabilis is 
generically distinct from S. wheeleri; Weber (1958, 
p. 54) has recently transferred wheelert to Trach- 
ymyrmex, but that merely enhances the discordance. 

Then there are differences of the opposite sort: 
Smithistruma is generically indistinguishable from 
Strumigenys; Macromischa from Leptothorax (sub- 
genera Dichothorax and Myrafant). 

Nevertheless we have come to regard the genus 
as the basic unit in the classification of myrmicine 
ant larvae. With few exceptions, the genus 
(based on adults) is easily defined in terms of 
larval characters and is readily distinguishable 
from related genera. Our key is therefore a key 
to genera. 

Our opinions on specific differences must be 
based on insufficient data; 39 of our 73 genera are 
represented by only a single species, while only 10 
are represented by more than half a dozen species 
(A phaenogaster 11, Crematogaster 10, Leptothorax 
13, Monomorium 8, Myrmica 8, Paracryptocerus 7, 
Pheidole 10, Smithistruma 8, Solenopsis 10, 
Strumigenys 12). The species of a genus usually 
differ in characters which are both variable and 
quantitative and even these differences are slight 
compared with generic differences 


CHARACTERS 
What characters are to be relied upon as 
indicators of kinship among ant larvae? What 
characters are tribal’ Generic? Specific? Which 
characters are phylogenetic and which caeno- 
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Is there any evidence of convergence? 


gentic? 
Unspecialized ? 


What characters are specialized? 
Primitive? Derived? Body shape is variable 
in life, especially in active larvae. Hence it 
might vary according to nutritional state or the 
technique of preservation. Is body shape there- 
fore unreliable? Mandibles are hard structures 
and their shape is probably not altered by activ- 
ity or preservation. Are mandibles therefore 
useful taxonomically? What about other mouth 
parts? Hairs? A myrmecologist may hold cer- 
tain views about the taxonomy of adults and 
accordingly may tend to view as phylogenetic 
such larval traits as support his preconceived 
notions and as caenogenetic those that contravene. 
Are there any checks and balances for his preju- 
dices? How does one detect convergence ” 


Illustration of method of arriving at 
generalized mandible shapes. The dashed line is the 
6-cm. ‘‘base line’’ (anterior condyle to apex). The 
dotted lines are the outlines for the genera /schnomyrmex 
and Pheidole. The solid line is the ‘‘averaged’’ genera- 
ized pheidoliform mandible shape. 


TEXT FIGURE 2.- 


these questions extremely 
difficult to answer. And we have not answered 
them to our satisfaction. But answers are 
expected from a study of this sort. Therefore 
we have endeavored to reach tentative—very 
tentative—conclusions. 

We certainly do not claim that the taxonomy 
of ants should be based on the relationships among 
their larvae, but we can at least hope that in 
puzzling cases our findings might prove ancillary 
to a solution. 

Body shape is the character which is most 
nearly constant throughout the genus. It is also 
the character which most closely correlates larval 
taxonomy with adult taxonomy: those genera 
which have usually been regarded as unspecialized 
all have similar larval shapes (which are likewise 
unspecialized), while the most highly specialized 


We have found 
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tribes have the most highly specialized larvae and 
a high degree of concordance. Therefore we have 
chosen body shape as the basic character for 
classifving the larvae of the Myrmicinae. 

The next most useful character is mandible 
shape. There are more kinds of mandible 
shapes than body shapes. Mandible shape shows 
more intrageneric, intraspecific, and intranidal 
variation. 

Third in utility is the presence or absence of 
anchor-tipped hairs on the dorsum. If they are 
present at all they characterize the whole genus 
(with two exceptions, Novomessor and Monomor- 
ium). Incidentally, anchor-tipped hairs are 
found only in the subfamily Myrmicinae, occurring 
in 24 of the 73 genera in our collection. 

Other characters are less useful in separating 
genera and may be considered as_ primarily 
specific characters: integumentary spinules (loca- 
tion, pattern, abundance); hairs (shape, size, 
distribution, abundance); head shape; teeth of 
mandibles (size and shape) ; spinules on mandibles; 
other mouth parts (shape, spinules, sensilla) 
The species of a genus usually differ in characters 
which are both variable and quantitative 


BODY SHAPE 

In our study of body shapes we have used only 
the profiles (i.e., outlines in side view), since 
dorsal and ventral views rarely show anything 
distinctive. To facilitate comparison of profiles 
we decided that all drawings would have to be of 
the same size. This, however, presented a prob- 
lem in all larvae which have a flexible thorax, for 
these have been preserved with the thorax curved 
to different extents and extended to different 
lengths. Hence it was necessary to select a 
standard measurement to be the same for all 
profiles. We chose the distance (on the drawing) 
from the anus to the first abdominal spiracle, for 
two reasons: (1) the abdomen is relatively in- 
flexible and scarcely extensible; (2) these are two 
easily located points (in contrast, for example, 
to the posterior end, which would have to be 
designated arbitrarily on a curve) 

Our actual procedure was this:—(1) We pulled 
from our files the original drawings for our pub- 
lished figures of mature larvae in side view 
(profile). (2) The drawings were sorted according 
to similarity of profile. (Actually several groups 
included only one drawing each.) (3) Each 


EXPLANATION OF PLATE 


Generalized body profiles. 
myrmicariform; 3, strumigenyform. Group 
crematogastriform; 3, macro- 
mischiform. Group C—1, allomeriform; 2, cardiocondy- 
liform; 3, pheidoliform; 4, solenopsidiform. Group D—1, 
aphaenogastriform; 2, aspididriform; 3, epopostrumiform; 
4, myrmiciform; 5, orectognathiform. Group E—1, 
dacetiform; 2, dilobocondyliform; 3, liomyrmeciform; 4, 
pristomyrmeciform; 5, rhopalomasticiform; 6, trigono- 
gastriform; 7, vollenhoviform. 


PLATE I. Group A—I, 
attiform; 2, 


B—1, cataulaciform; 2, 
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group was treated as follows: (a) One drawing was 
placed on a Vertical Sketchmaster (manufactured 
by Harrison C. Ryker, Inc., Oakland, California) 
and the instrument was adjusted until the distance 
(on the image) from anus to first abdominal 
spiracle measured 8 cm. (not a significant figure; 
merely convenient). (b) The image of the 
profile and first abdominal spiracle were traced 
on paper. (If a “group” included only one 
drawing, that ‘‘group”’ was finished at this point.) 
(c) The first drawing was removed and replaced 
by the second; the instrument was adjusted until 
the images of anus and first abdominal spiracle 
were superimposed on corresponding parts of the 
outline of the first drawing; then the image of the 
second profile was traced on the same paper. 
(d) All other drawings in that group were proc- 
essed in the same manner as the second. An 
actual example of such a collection of profiles is 
shown by the dotted outlines in text fig. 1; the 
dashed line joining anus and first abdominal 
spiracle (S cm. long on the original) is the base-line 
for all profiles in this group. (e) The generalized 
profile for the group was obtained by a sort of 
averaging of all individual profiles. This step 
is illustrated by the solid profile in text fig. 1. 

When the above procedures had been completed 
for all groups, we found ourselves with a collection 
of 22 generalized profiles for the subfamily (plate I 
and appendix A). The next step was obvious 
naming the profiles. Descriptive terms were out 
of the question; no one word could characterize 
meaningfully such shapes. They could have been 
designated arbitrarily by letters or numerals, but 
such designations would have no intrinsic meaning. 
So we combined the name of a representative 
genus in each group with the root of the Latin 
word forma to make an English adjective for each 
generalized profile. (We deeply regret the exces- 
sive length and resounding cacophony of some of 
these adjectives.) 

Next, a simultaneous comparison of the 22 
generalized profiles showed that they could be 
arranged in five groups on the basis of more 
superficial resemblances. We have not, however, 
attempted generalized diagrams of the second 
order and we have not named these larger groups. 

After the profiles were classified, the next 
question was: which profile is _unspecial- 
ized? On a priori grounds one might answer: 
that of the larva of the least specialized adults. 
But this answer presupposed accordance of larval 
taxonomy with adult taxonomy, which was what 
we were trying to prove (=test). And so we got 
to reasoning in a circle. We finally broke out of 
the circle by the following arguments: (1) A 
certain larval profile is found in more genera than 
is any other profile; most of these genera have 
unspecialized adults. (2) This certain profile 
resembles rather closely the unspecialized profiles 
in the two next largest subfamilies (Formicinae 
and Ponerinae), i.e., taxa large enough to show a 
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wide range of specialization. (3) Among larvae 
exhibiting this profile no character shows an ex- 
treme deviation from an average for all known 
ant larvae. (4) Among larvae exhibiting this 
profile no character shows adaptation to any 
limited function or habit. (5) Among larvae 
having this profile the majority of characters are 
only moderately developed in contrast to the 
extremes of the same characters in the subfamily. 

Employing the above reasoning, we have con- 
cluded that the least specialized profile is myrmi- 
ciform. Very similar (and only a little more 
specialized) is the aphaenogastriform profile. 
The most specialized profiles are the attiform and 
the crematogastriform. 

The only clear instance of convergence is found 
in the crematogastriform profile. Larvae with 
this profile have an elongate, straight, subcylindri- 
cal body and the hairs are mostly minute to short 
Both of these characters are apparently adapta- 
tions to life in plant cavities, particularly tubular 
cavities of small bore. A long larva parked 
parallel and close to the wall would be less of a 
traffic hazard than a shorter larva parked obliquely 
or crosswise. These two characters occur (as 
far as we know) only in ants that inhabit plant 
cavities: Cataulacus, Crematogaster, Leptothorax, 
Paracryptocerus and Xenomyrmex among the 
Myrmicinae; Azteca in the Dolichoderinae; Cam- 
ponotus in the Formicinae; and all four genera of 
the subfamily Pseudomyrmecinae. Leptothorax 
is somewhat stouter than the others; perhaps it is 
only in the early stages of adaptation. 


MANDIBLE SHAPE 

The same generalizing procedures have been 
applied to the anterior view of the mandibles, 
using the apex and the anterior condyle as 
reference points for standardization. (See text 
fig. 2.) The results of our generalizations are 
shown in text figure 3 and appendix B. 

By the same reasoning we have concluded that 
the least specialized mandible shape is aphaeno- 
gastriform, while the specialized shapes are those 
which lack medial teeth—anergatidiform, aner- 
gatiform, attiform, cephalotiform, crematogastri- 
form, messoriform and myrmicocryptiform. 


HYPOTHETICAL ANCESTRAL LARVA 

The hypothetical larva of the hypothetical 
ancestor of the subfamily Myrmicinae might be 
synthesized from the following generalized descrip- 
tion. Profile myrmiciform. Body hairs short, 
moderately abundant and uniformly distributed, 
of two types: (1) simple and (2) denticulate. 
Integument of ventral surface of thorax and first 
two abdominal somites spinulose. Spiracles 
small, the mesothoracic slightly larger than the 
others. Nine distinct somites. Leg, wing, and 
gonopod vestiges present. Cranium transversely 
subelliptical in anterior view. Antennae small, 
each with three sensilla, each of which bears a 
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Vila 


Generalized mandible shapes 


TEXT FiGurE 3. 
Group II 


podomyrmiform; d, pogonomyrmeciform. 


d, liomyrmeciform; e, paracryptoceriform; f, vollenhoviform. 
a, apsychomyrmeciform; b, 
tranopeltiform; g, wasmanniform. 
attiform; b, 
a, anergatidiform; b, dacetiform 


c, pheidoliform. Group IV 
form; e, pristomyrmeciform; f, 
c, cephalotiform; d, messoriform. 
cocryptiform. Group VII 


Group VI—a, 


Head hairs few (less than 40), moder- 
ately long, denticulate. Labrum bilobed; pos- 
terior surface sparsely spinulose. Mandibles 
aphaenogastriform, with spinules on the anterior 
surface. Maxillae with the apex spinulose; palp 
paxilliform, with five sensilla; galea digitiform, 
with two apical sensilla. Labium with spinules 
on the anterior surface; each palp a short paxilla 
bearing five sensilla; opening of the sericteries a 
short transverse slit. Hypopharynx spinulose. 

No larvae are known which fit this description. 
Pogonomyrmex is the closest approximation. It 
deviates with respect to the mandibles (which are 
pogonomyrmeciform and without spinules on the 
anterior surface) and the galeae (which are 
paxilliform). 


spinule. 


SPECIALIZED LARVAE 


The most specialized larvae of the subfamily 


a, dilobocondyliform; b, huberiform; c, 
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basicerotiform; c, 
leptothoraciform; 
Group III—a, carebariform; b, lophomyrmeciform; 
cataulaciform; c, macromischoidiform; d, pheidologetini- 
Group V—a, allomeriform; b, anergatiform; 
crematogastriform; c, meranopliform; d, myrmi 


Group I—a, aphaenogastriform; b, 


Myrmicinae are those of the tribes Crematogas- 
trini and Attini. The Crematogastrini exhibit 
the following specializations: profile crematogas- 
triform; mesothoracic spiracle much the largest, 
the remainder small and diminishing progressivel\ 
toward the posterior end; body hairs sparse, 
mostly minute to short; head with the dorsal and 
dorsolateral regions thin and depressed; mouth 
parts very small and without spinules; from each 
gena a sclerotized band passes out of the head and 
enters the prothorax; head hairs very few and 
very short; palps and galeae represented by clus- 
ters of agglomerated sensilla. 

The Attini: profile attiform; body almost 
naked; body hairs short, simple and mostly con- 
fined to the ventral surface; mandibles attiform 
or myrmicocryptiform, usually beset with num- 
erous coarse acute spinules; other mouth parts 
abundantly provided with spinules 
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GENERALIZED BODY PROFILES 
(PLATE I) 


GROUP A 
(Short and very stout; dorsal profile very long and 
C-shaped; ventral profile short; head ventral.) 

1. Attiform. Short, very stout, plump, bean- 
shaped; depth greatest at the middle and decreas- 
ing slightly and equally toward each end; dorsal 
profile (occiput to anus) extremely long, C-shaped; 
ventral profile (anus to gula) relatively short and 
concave. Head on the ventral surface, often at a 
considerable distance from the anterior end. 
Anus ventral, usually at some distance in front 
of the posterior end; with one or two prominent 
lips. Genera: Acromyrmex, A pterostigma, Atta, 
Cyphomyrmex, Myrmicocrypta, Sericomyrmex, 
Trachymyrmex. (=Tribe Attini.) 

2. Myrmicariform. Short and very stout; 
diameter greatest at the third abdominal somite; 
decreasing gradually through the mesothorax, 
then rapidly to the anterior end; thorax strongly 
arched ventrally; head on the anterior end but 
directed posteriorly; dorsal profile long and C- 
shaped, ventral much shorter; posterior end 
broadly rounded. Anus posteroventral. Genus: 
M yrmicaria. 

3. Strumigenyform. Very short and very 
stout; thorax and first abdominal somite strongly 
curved ventrally; dorsal profile C-shaped, ventral 
profile feebly sinuate; diameter of body increasing 
gradually from the anterior end to abdominal 
somite 5, then decreasing to the posterior end, 
which is broadly rounded. Segmentation indis- 
tinct. Genera: Carebara, Erebomyrma, Oligo- 
myrmex, Paedalgus, Pheidologeton, Smithistruma, 
Strumigenys 


APPENDIX A 


GROUP B 
(Elongate-subelliptical; head applied to the 
ventral surface near the anterior end.) 

1. Cataulaciform. Straight, elongate-subellip- 
tical; prothorax forming a very short, stout neck 
which is inclined ventrally to 45; segmentation 
indistinct. Genus: Cataulacus. 

2. Crematogastriform. Straight, elongate- 
subelliptical; head anteroventral; no neck; seg- 
mentation indistinct. Genera: Cephalotes, Cre- 
matogaster, Paracryptocerus, Xenomyrmex. 

3. Macromischiform. Plump, chunky, elon- 
gate-suboval, nearly straight; posterior end 
broadly rounded, anterior end narrowly rounded; 
no neck. Head anteroventral. Segmentation 
indistinct. Genera: Leptothorax (subgenera My- 
rafant and Dichothorax), Macromischa. 


GROUP © 
(Short and stout; superficially straight, but with 
the anterior portion of the thorax curved 
ventrally, i.e., L-shaped.) 
1. Allomeriform. Prothorax and mesothorax 
short, stout, and bent ventrally; rest of body sub- 
cylindrical and somewhat stout; anterior end 
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broadly rounded; posterior end narrowly rounded. 
Anus terminal or subterminal. Segmentation in- 
distinct. Genera: Allomerus, Wasmannia. 

2. Cardiocondyliform. Short and stout; tho- 
rax stout and arched ventrally; abdomen 
straight and a little stouter; posterior end 
broadly rounded. Genera: Cardiocond yla, 
Macromischoides. 

3. Pheidoliform. Short, stout, and straight; 
head ventral, near the anterior end, mounted on 
a small, short neck formed from the anterior portion 
of the prothorax; anterior end broadly rounded, 
formed from the dorsa of prothorax and meso- 
thorax; posterior end narrowly rounded. Anus 
subterminal. Genus: Pheidole. 

4. Solenopsidiform. Short and stout; head 
ventral, near the anterior end; prothorax bent 
ventrally to form a very short, stout neck, or 
neck lacking; rest of body straight or nearly 
straight; both ends broadly rounded. Anus 
ventral or posteroventral. Genera: Anergates, 
Megalomyrmex, Monomorium, Solenopsis 


GROUP D 
(Moderately long and moderately stout; whole 
thorax curved ventrally and separated more or 
less from the remainder of the body by a change 
in diameter. ) 

1. Aphaenogastriform. Stout and rather elon- 
gate; diameter greatest at the fourth or fifth 
abdominal somite; slightly constricted at abdomi- 
nal somite 1; thorax stout and arched or bent 
ventrally, but not differentiated into a neck; 
posterior end broadly rounded. Anus ventral 
Genera: A phaenogaster, Novomessor, Stenamma, 
Veromessor. 

2. Aspididriform. Moderately stout; no neck, 
but thorax and first two abdominal somites 
strongly curved ventrally; diameter greatest at 
abdominal somite 5, decreasing to abdominal 
somite 1, then increasing slightly to the meso- 
thorax, then decreasing rapidly to less than the 
diameter of the head; dorsal profile C-shaped, 
ventral J-shaped. Anus ventral, with a small 
posterior lip. Genera: Alistruma, Aspididris 

3. Epopostrumiform. Shaped somewhat like 
a crookneck squash; thorax and first abdominal 
somite forming a long and rather slender neck, 
which is strongly bent ventrally; mesothorax 
usually constricted; remainder of abdomen stout 
to very stout; dorsal profile C-shaped, ventral 
nearly straight. Anus ventral. Genera: Clarki- 
struma, Epopostruma, Mesostruma. 

!. Myrmiciform. Stout and rather elongate: 
diameter greatest at the fourth abdominal somite; 
slightly attenuated anteriorly; thorax stout (when 
mature) and arched or bent ventrally, but not 
differentiated into a neck; posterior end broadly 
rounded. Anus posteroventral. Genera: Da- 
cryon, Manica, Messor, Myrmica, Paramyrmica, 
Pogonomyrmex, Tetramorium 
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5. Orectognathiform. Abdomen rather stout, 
diameter greatest at abdominal somites 4 and 5; 
attenuated anteriorly; thorax rather slender and 
curved ventrally, forming an indistinct neck; 
posterior end broadly rounded. Anus ventral, 
with a small posterior lip. Genus: Orectognathus. 


GROUP E 
(Miscellaneous) 

!. Dacetiform. Somewhat stout; thorax and 
first two abdominal somites strongly curved ven- 
trally; diameter greatest at abdominal somites 4 
and 5, decreasing gradually to the anterior end 
and more abruptly to the posterior end, which is 
round-pointed; dorsal profile C-shaped, ventral 
J-shaped. Anus ventral. Genus: Daceton. 

2. Dilobocondyliform. Prothorax (or pro- 
thorax and mesothorax) inclined or curved ven- 
trally to form a short neck, which is stout but 
nevertheless attenuated when compared with the 
abdomen; rest of body straight and paunchy; 
posterior end narrowly rounded. Anus ventral. 
Segmentation indistinct. Genera: Dilobocondyla, 
Leptothorax (subgenera Leptothorax and Neso- 
myrmex), Podomyrma. 

3. Liomyrmeciform. Shaped somewhat like 
a short-necked gourd; thorax and first abdominal 
somite forming a rather long, stout neck which is 
slightly curved ventrally; rest of abdomen swollen; 
diameter greatest at fifth abdominal somite 
Anus terminal. Segmentation indistinct. Genus: 
Liomyrmex. 

4. Pristomyrmeciform. Stout and_ rather 
short; anterior end strongly bent ventrally so 
that the slender, elongate head is directed 
ventrally or posteriorly; prothorax narrowed 
rapidly to the diameter of the head. Genera: 
Myrmecina, Pristomyrmex 

5. Rhopalomasticiform. Moderately slender, 
diameter nearly uniform throughout; slightly 
constricted between the first and second abdomi- 
nal somites; slightly curved ventrally; dorsal 
profile evenly convex; ventral profile angulate 
between the first and second abdominal somites, 
otherwise nearly straight; anterior end broadly 
rounded and formed from the dorsal surface of 
the prothorax. Head protruding from the ven- 
tral surface near the anterior end. Anus pos- 
terior, with a conspicuous posterior lip. Genus: 
Rhopalomastix. 

6. Trigonogastriform.. Long, slender, club- 
shaped, with only the prothorax bent ventrally 
to form a very short neck; diameter greatest at 
abdominal somites 5 and 6, diminishing gradually 
to the anterior end; posterior end_ broadly 
rounded. Anus ventral. Genus: Tyrigonogaster 

7. Vollenhoviform. Diameter greatest at the 
third abdominal somite, decreasing only slightly 
toward either end; thorax stout and curved 
ventrally to about 90°; abdomen nearly straight; 
posterior end narrowly rounded. Anus ventral. 
Genus: Vollenhovia 
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GENERALIZEID MANDIBLE SHAPES 
(TEXT FIGURE 3) 
GROUP I 
(With three large teeth which are approximately 
equal and approximately in the same plane.) 

a. Aphaenogastriform. Narrow; tapering grad- 
ually and curving gradually to a long and rather 
slender apical tooth, which is curved medially; 
two moderate-sized, subequal medial teeth; with- 
out of blade. Genera: Alistruma, A phaenogaster, 
Aspididris, Epopostruma, Mesotruma, Novomessor 
(except NV. manni), Smithistruma, Stenamma, 
Strumigenys, Veromessor. 

b. Basicerotiform. Long and narrow, slightly 
curved medially; apical tooth moderately slender, 
slightly curved, and round-pointed; with two 
medial teeth, the proximal much the larger and 
projecting at approximately right angles to the 
long axis. Genus: Basiceros. (Rhopalothrix may 
have mandibles of this type, but all our specimens 
are immature. ) 

c. Podomyrmiform. Moderately _ broad, 
straight, tapering gradually; the apex forming 
a moderately stout and nearly straight tooth 
which is directed medially; two coarse, blunt, 
medial teeth. Genera: Cardiocondyla, Dacryon, 
Podomyrma, Rhopalomastix 

d. Pogonomyrmeciform. Basal half broad; 
distal half narrow; apical tooth curved medially 
moderately long, moderately slender, tapering 
only slightly to a rounded point; two prominent 
teeth, the proximal considerably larger 

Pogonomyrmex. 


GROUP II 
With a medial blade bearing one or two 
teeth in the same plane. ) 

a. Dilobocondyliform. Rather narrow; apex 
forming a sharp tooth which is slightly curved 
medially; anterior surface with a medial blade 
bearing a blunt medial tooth; posterior surface 
with a narrow medial blade. Genus: Daiulobo- 
condyla. 

b. Huberiform. Of two parts—a sout, sickle- 
shaped body and a narrow medial blade; apex 
forming a long, slender, curved tooth; blade bear- 
ing a single, conspicuous, medial tooth. Genus: 
Huberia. 

c. Leptothoraciform. Moderately narrow; ta- 
pering gradually and curving gradually to an 
apical tooth; anterior surface produced medially 
into a blade; edge of blade variable, but usally 
with two subapical teeth. Genera: Alistruma, 
Clarkistruma, Hylomyrma, Leptothorax, Macro- 
mischa, Manica, Megalomyrmex, Monomorium, 
Myrmica, Orectognathus, Paramyrmica, Rogeria, 
Solenopsis, Tetramorium. 

d. Liomyrmeciform. Slender, rather long and 
strongly curved medially; apex forming a rather 
long, slender tooth which is curved medially; with 
a medial blade which bears a rather stout, blunt 
tooth. Genus: Liomyrmex 


APPENDIX B. 


medial 
Genus: 
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e. Paracryptoceriform. Short, stout, and tra- 
pezium-shaped; apex forming a short tooth which 
is slightly curved medially; anterior surface 
produced medially to form a _ blade which 
usually bears two short, stout teeth (but may 
bear only one or none). Genera: Paracryptocerus, 
Procryptocerus, Xenomyrmex, Zacryptocerus. 

( Harpagoxenus may have mandibles of this 
sort, but all our specimens are immature. ) 

f. Vollenhoviform. Slender, rather long, and 
nearly straight; apex forming a moderately long, 
slender iooth which is slightly curved medially; 
with a narrow medial blade, from the edge of 
which arise two conspicuous medial teeth. 
Genus: Vollenhovia. (Dacetinops may have man- 
dibles of this type, but our specimen is immature 


GROUP III 
(With two or three subapical teeth, not all 
in the same plane. ) 

a. Carebariform. Stout; very broad at the 
base, narrowing rapidly to the apex, which is 
curved medially as a rather small, slender, round- 
pointed tooth; a short, narrow medial blade 
arises from the anterior surface and bears two 
teeth; one or two medial teeth arise from the 
posterior surface. Genera: Carebara, Erebomyrma, 
Oligomyrmex, Paedalgus 

b. Lophomyrmeciform. Moderately stout, 
curved medially; apex forming a round-pointed 
tooth which is curved medially; a large subapical 
anterior tooth which is directed anteroventrally; 
a large, blunt medial tooth which is directed 
posteroventrally. Genera: Lophomyrmex, Tri- 
gonogaster. 

c. Pheidoliform. Moderately broad; apex 
forming a moderately long, slender tooth which 
is slightly curved medially and _ posteriorly; 
medial border with three stout, blunt teeth, two 
anterior and posterior. Genera: I/schno- 
myrmex, Pheidole 


one 


GROUP IV 
(Subapical teeth small 

a. Apsychomyrmeciform. Long, straight, and 
narrow, with the sides almost parallel; apical 
tooth rather stout, sharp-pointed and _ strongly 
curved medially; near the base of the apical 
tooth the medial border bears a series of four 
or five small, blunt teeth. Genus: A psychomyrmex 

b. Cataulaciform. Roughly trapezium-shaped; 
the apex forming a slender, short, acute tooth 
which is curved medially; subapical portion of 
medial border more or less projecting, and bear- 
ing two to five minute teeth. Genus: Cataulacus 

c. Macromischoidiform. Narrowly subtrian- 
gular in anterior view, somewhat thin and sinuous 
in side view; apex forming a slender, acute tooth; 
with two subapical medial teeth, one anterior, 
the other posterior. Genus: Macromischoides 

d. Pheidologetiniform. Subtriangular, short, 
and stout; apical tooth short, stout, and curved 
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medially; two small medial teeth. Genera 
Myrmicaria, Pheidologeton. 

e. Pristomyrmeciform. Long and slender; ta- 
pering gradually; moderately curved medially; 
with a small, acute, medial tooth at the distal 
third which points toward the apex. Genera 
Myrmecina, Novomessor manni, Pristomyrmex 
( Xiphomyrmex may have mandibles of this type, 
but all our specimens are immature. ) 

f. Tranopeltiform. Moderately broad; mid- 
dle half bent medially; distal fourth curved 
medially and forming an acuminate apical tooth; 
with or without a small tooth on the medial 
border. Genus: Tranopelta. 

g. Wasmanniform. Slender and moderately 
long, slightly bent at the middle; apex forming a 
short, acute tooth which is scarcely larger than 
the subapical medial tooth. Genus: Wasmannia 


GROUP V 
(Apex rounded; no medial teeth 

a. Allomeriform. Basal three-fourths trian- 
gular, rather narrow and with the medial border 
straight; the distal fourth strongly bent medially 
to form a long, stout, blunt, apical tooth. Genus 
Allomerus 

b. Anergatiform. 
abruptly turned medially; apex rounded 
Anergates 

c. Cephalotiform. Strongly curved medially; 
basal half wide; apical half narrowed to form a 
long, rather stout, round-pointed, apical tooth; 
middle of medial border erose. Genus: Cephalotes 

d. Messoriform. Basal three-fourths broadly 
subtriangular; apical fourth curved medially to 
form a long and moderately slender apical tooth 
Messor 


Distal third narrowed and 
Genus 


Genus: 
GROUP VI 
Apex sharp-pointed; no medial teeth.) 

a. Attiform. Broad, short, stout; apical por- 
tion abruptly attenuated and curved medially to 
form a_ sharp-pointed apical tooth. Genera 

lcromyrmex, Atta, Cyphomyrmex, Trachymyrmex 

b. Crematogastriform. Basal half inflated and 
narrowing more or less abruptly to the apical 
half, which is sharp-pointed and slightly curved 
medially. Genus: Crematogaster 

c. Meranopliform. Triangular and moder- 
ately broad, apex slightly turned medially and 
forming a sharp- pointed’ tooth. Genus 
Meranoplus 

d. Myrmicocryptiform. 
base and a smaller, acute, conical apex 

| pterostigma, Myrmicocrypta 
GROUP VII 
(Miscellaneous. 

a. Anergatidiform. Plump and slightly curved 
medially; apex paraboloidal and surmounted by 
a single small tooth. Genus: Anergatides. 

b. Dacetiform. Triangular, straight, and rath- 


Of two parts, a stout 
Genera: 
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er narrow in anterior view; curved posteriorly; 
apex stout, straight, and blunt; medial border 
with two blunt teeth near the middle. Genus: 
Daceton 


KEY TO THE GENERA OF MATURE WORKER 
LARVAE OF MYRMICINAE IN OUR COLLECTION: 
CROUP A 
Short and very stout; dorsal profile very long and 
C-shaped; ventral profile short; head ventral. 
Body attiform (Al); without anchor-tipped hairs. .a 
Mandibles attiform (VIa) b 
Mandibles myrmicocryptiform (VId) e 
Body hairs stout, with the tip branched or simple 
Acromyrmex 
Body hairs slender, with the tip unbranched ( 
Head hairs numerous (about 100) Atta 
Head hairs few (less than 40) d 
Some head hairs above antennal level 
Trachymyrmex 
Head hairs all below antennal level. .Cyphomyrmex 
Head hairs all below antennal level. .Myrmicocrypta 
Some head hairs above antennal level . Apterostigma 
Body myrmicariform (A2); mandibles pheidolo- 
getiniform (IVd); hairs unknown Myrmicaria 
Body strumigenyform (A3) f 
Mandibles aphaenogastriform (la); anchor-tipped 
hairs present Smithistruma and Strumigenys 
Mandibles_ pheidologetiniform (IVd); without 
anchor-tipped hairs Pheidologeton 
Mandibles carebariform (IIIa); without anchor- 
tipped hairs g 
Head hairs all simple Carebara 
Head hairs deeply bifid or with the tip bifid 
Paedalgus 
Head hairs of 4 types: simple, bifid, multifid, 
denticulate Oligomyrmex 


CROUP B 
Elongate-subelliptical; head applied to the ventral 
surface near the anterior end 
Body cataulaciform (B1); mandibles cataulaciform 
(IVb); without anchor-tipped hairs Cataulacus 
Body crematogastriform (B2); anchor-tipped hairs 
present a 
i: Mandibles cephalotiform (Vc) Cephalotes 
ts Mandibles crematogastriform (VIb). .Crematogaster 
ts; Mandibles paracryptoceriform (Ile) b 
b,; Cranium circular in anterior view Xenomyrmex 
b, Cranium transversely subelliptical. .Paracryptocerus 
3 Body macromischiform (B3); mandibles lepto 
thoraciform (IIc); anchor-tipped hairs present 
Macromischa and Leptothorax (subgenera 
Myrafant and Dichothorax) 


CROUP C 
Short and stout; superficially straight, but with the 
interior portion of the thorax curved ventrally, 
i: Gis L-shaped 
Body allomeriform (C1); without anchor-tipped 
hairs a 
Mandibles allomeriform (Va) Allomerus 
a» Mandibles wasmanniform (1Vg) Wasmannia 
2. Body cardiocondyliform (C2) b 
b; Mandibles macromischoidiform (IVc); anchor- 
tipped hairs present Macromischoides 


o 


‘The following genera which we have studied are not 
included in the key because the material we have does 
not show adequate body profiles, the larvae are im 
mature, the integuments are damaged, or our specimens 
are semipupae: Anergatides, Apsychomyrmex, Basiceros, 
Dacetinops, Erebomyrma, Harpagoxenus, Huberia, Hylo- 
myrma, Ischnmyremex, Lophomyrmex, Meranoplus, Novo- 
messor manni, Proc ryvptoc erus, Rhopalothrix, Rogeria, 
Sericomyrmex, Tranopelta, Xiphomyrmex, Zacryptocerus 
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Mandibles podomyrmiform (Ic); without anchor- 
tipped hairs Cardiocondyla 
Body pheidoliform (C3); mandibles pheidoliform 
(IIIc); anchor-tipped hairs present Pheidole 
Body solenopsidiform (C4) ( 
Mandibles anergatiform (Vb); anchor-tipped hairs 
present Anergates 
Mandibles leptothoraciform (IIc) d 
Anchor-tipped hairs present 
Monomorium antarcticum 
Without anchor-tipped hairs c 
Head hairs minute; ventral and lateral surfaces of 
abdomen nearly naked Megalomyrmex 
Head hairs moderately long; abdomen moderately 
hairy f 
Some head hairs simple Solenopsis 
All head hairs branched 
Monomorium (except antarcticum( 


CROUP D 


Moderately long and moderately stout; whole thorax 
curved ventrally and usually separated (more or less) 


from the remainder of the body by 
change in diameter 
Body aphaenogastriform (D1); mandibles apha 
enogastriform (Ia); without anchor-tipped hairs 
Without spinules on the anterior surface of the 
mandibles Novomessor (except manni) 
Spinules present on the anterior surface of the 
mandibles 8) 
Deeply bifid body hairs with the branches rather 
stout and recurved at the tip Veromessor 
Deeply bifid body hairs with the branches slender 
and flexuous 
Head hairs deeply 2— to 4-branched (usually 2 
branched), rarely denticulate Stenamma 
Head hairs simple or with the tip bifid or 
denticulate Aphaenogaster 
Body aspididriform (D2); without anchor-tipped 
hairs; mandibles aphaenogastriform (Ia) d 
With unbranched denticulate body hairs. . Aspididris 
Body hairs mostly bifid Alistruma 
Body epopostrumiform (D3); without anchor 
tipped hairs 
Mandibles leptothoraciform (IIc); body hairs 
stout, scarcely tapering, with blunt tip; of two 
types—denticulate and deeply bifid... Clarkistruma 
Mandibles aphaenogastriform (Ia) f 
Head hairs minute and simple Mesostruma 
Head hairs moderately long and denticulate 
Epopostruma 
Body myrmiciform (D4) g 
Mandibles messoriform (Vd); without anchor- 
tipped hairs Messor 
Mandibles podomyrmiform (Ic); anchor-tipped 
hairs present Dacryon 
Mandibles pogonomyrmeciform (Id); without 
anchor-tipped hairs Pogonomyrmex 
Mandibles leptothoraciform (IIc) h 
Anchor-tipped hairs present i 
Without anchor-tipped hairs j 
Spinules on maxillae and labrum Tetramorium 
Without spinules on maxillae and labrum. .Myrmica 
Anterior surface of mandibles spinulose Manica 
Mandibles without spinules Paramyrmica 
Body orectognathiform (D5); mandibles lepto- 
thoraciform (IIc); without anchor-tipped hairs 
Orectognathus 
GROUP E 
Miscellaneous 
Body dacetiform (E1); mandibles dacetitorm 
(VIIb); without anchor-tipped hairs Daceton 
Body dilobocondyliform (E2); anchor-tipped hairs 


present “a 
Mandibles diloboc« omdy liform (Ila) Dilobocondyla 
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Mandibles leptothoraciform (IIc) 
Leptothorax (subgenera Leptothorax and 
Nesomyrmex) 
Mandibles podomyrmiform (Ic) Podomyrma 
Body liomyrmeciform (E3); mandibles liomyrme- 
ciform (IId); anchor-tipped hairs present 
Liomyrmex 
Body pristomyrmeciform (E4); mandibles pristo- 
myrmeciform (IVe) b 
Anchor-tipped hairs present Pristomyrmex 
Without anchor-tipped hairs Myrmecina 
Body rhopalomasticiform (E5); mandibles podo- 
myrmiform (Ic); without anchor-tipped hairs 
Rhopalomastix 
trigonogastriform (E6); mandibles lopho- 
myrmeciform (IIIb); without anchor-tipped 
hairs. Trigonogaster 
Body vollenhoviform (E7); mandibles vollenhovi- 
form (IIf); without anchor-tipped hairs 
Vollenhovia 


Body 
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BIOLOGICAL STUDIES OF POLISTES IN NORTH CAROLINA 
(HYMENOPTERA: VESPIDAE)' 
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ABSTRACT 


Polistes fuscatus, P. exclamans, and P. annularis were 
the most abundant of the six Polistes species occurring 
in the study area, and cons quently received more 
attention than P. hunteri, P. metricus, or P. rubiginosus. 
Though nest founding by overwintering age began in 
early April, most nests were established in late April 
and early May. For exclamans the average duration of 
the egg, larval, and pupal stages were, respectively, 11 
20, and 14 days, or a total of about 45 days from egg to 
adult; fuscatus and hunteri required similar lengths of 
time. Over 95% of the prey of these three species con- 
sisted of free-feeding lepidopterous larvae. The prey of 
annularis came mostly from wooded areas, while that of 
fuscatus and exclamans was typically associated with 


Wasps of the genus Polistes are among the best- 
known insects of tropical and temperate regions, 
largely because they and their paper nests are 
common around human habitations. The genus 
has attracted taxonomists because of the extreme 
variability of taxonomic characters of its species 
and subspecies. Students of animal behavior 


have often chosen them for study because of their 
social habits and easily observable nesting activi- 


ties. They are of special interest to economic 
entomologists, partly because of their stinging 
propensities but chiefly because of their preda- 
tions upon other insects, some of which are of 
agricultural importance. 

Most of the available biological information on 
Polistes species found in North Carolina is in 
numerous papers by Rau (1928-46), Pellet (1916), 
and Iseley (1922), who accomplished their work 
in Midwestern United States under climatic and 
biotic conditions different from North Carolina. 
The information herein presented was accumu- 
lated during 1949-57 prior to or in conjunction 
with investigations reported by Rabb and Lawson 
(1957), which dealt specifically with the role of 
Polistes in the natural control of tobacco 
hornworms. 

A review of pertinent literature and discussion 
of methods are included, when appropriate, under 
each of the following topics: species studied, 
nest founding, life cycle, food, variations in 
foraging activity, and natural enemies. 


‘Contribution from the Entomology Department, 
North Carolina Agricultural Experiment Station, Raleigh, 
N.C. Published with the approval of the Director of 
Research as paper No. 1023 of the Journal Series. Por- 
tions of this paper represent data from theses presented 
in partial fulfillment of the requirements for the M.S. 
and Ph.D. degrees at North Carolina State College. 


Accepted for publication June 10, 1959. 


herbaceous vegetation of open fields. Seasonal changes 
in the composition of the prey were correlated with 
changes in its seasonal abundance or feeding habits. In 
a fuscatus colony, returning wasps with prey and fiber 
were a relatively small percentage of the total returners, 
most of which were unladen or carried water or liquid 
sweets. Both diurnal and seasonal variations in the 
number of returners with various materials were in- 
fluenced by temperature. The most commonly observed 
natural enemies of Polistes ee two ichneumonids, 
Polistiphaga stupida and P. fulva, » pyraustid lepidop- 
teron Dicymolomia pegasalis, ‘arious species of 
spiders. 


anc az 


SPECIES STUDIED 


Bohart (1951) listed the following Polistes from 
North Carolina: annularis (Linnaeus), exclamans 
exclamans Viereck, fuscatus fuscatus (Fabricius), 
fuscatus pallipes Lepeletier, hunteri hunteri Be- 
quaert, metricus Say, and rubiginosus Lepeletier 
In addition, the author has collected bellicosus 
Cresson from eastern North Carolina. Of these, 
annularis, f. fuscatus, and e. exclamans were the 
most abundant in the study areas and therefore 
received the most attention. 


NEST FOUNDING 


Overwintering fertilized females leave their 
hibernation quarters in the spring and begin 
building single-comb nests out of wood fibers. 
Only rarely (Rau 1931b) are old nests re-used 
Nests may be founded by one, two, or more 
females, and the frequency of occurrence of 
multiple queens (pleometrosis) apparently varies 
between species and regions (Bequaert 1923, Rau 
1931a and 1940). 

In 1956 and 1957, wasp shelters similar to those 
described by Rabb and Lawson (1957) were 
placed along fence rows, field borders and drainage 
ditches on a farm near Clayton, N.C. Beginning 
in March of each year, data were recorded on the 
species of wasps and time of nest founding (table 
1). In 1956, 250 shelters were used, of which 198 
had one nest, 8 had two nests, and 44 remained 
empty. In 1957, 320 shelters were used, of which 
234 had one nest, 66 had two nests, 6 had three 
nests, and only 14 remained empty. 

Of the six species which built nests, fuscalus 
and exclamans were by far the most numerous. 
Nests of fuscatus were slightly more numerous 
than those of exclamans in 1956, but nests of 
exclamans outnumbered those of fuscatus three to 
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Table 1 


Number of nests and time of founding in artificial shelters by Polistes species. 


Clayton, N.C. 


Number of nests founded 


species a 
Before 
Apr. 10 


Apr. 11- 
Apr. 20 


Total 
After 
May 4 


Apr. 21- 
May 4 


1956" 


fuscalus 
exclamans 
metricus 
hunteri 
annularis 
‘ubiginosus 
Total 


fuscalus 
exclamans 
metricus 
hunteri 
anxularis 
Total 


‘In 250 shelters 

‘In 320 shelters 
one in 1957. The shelters may not have been 
equally acceptable to the various species, but 
general observations indicated that exclamans 
and fuscatus nests were more numerous than those 
of other species in natural nesting sites as well as 
in shelters. 

In both years, fuscatus began nesting earlier 
than exclamans. This was as expected, since 
fuscatus ranges farther north than exclamans 
(Bequaert 1940). Data on the other species are 
too few for significant comparisons. In general, 
however, by far the greatest number of nests 
were founded in late April and early May. 

The number of cells per nest varied greatly 
among different colonies of the same species and 
to some extent among the different species. 
After the cessation of nesting activities in 1956 
and 1957, were collected and their size 
(number of cells) determined. The number of 
nests examined and the number of cells per nest, 
expressed as the range and mean, for each of 
three species were as follows: exclamans 80, 12 
143, 183; fuscatus 73, 13-371, 130; and metricus 
32, 11-164, 56. On the basis of more limited 
data, hunteri nests were on an average slightly 
smaller than those of fuscatus and nests of 
annularis were even larger than those of excla- 
mans. Rau (1946) pointed out that species 
(such as annularis) in which pleometrosis occurs 
most frequently usually build larger nests than 
species which are characteristically monogynous 


nests 


LIFE CYCLE 


Pellet (1916) found that most eggs of metricus 
hatched in 18 davs and that most individuals 


spent 23 to 25 days in the pupal stage. His data 
were taken in Iowa during cool weather. Iseley 
(1922) made a similar study of metricus in 
Kansas. Between May 20 and June 1, he found 
the incubation period of five eggs to be 10 days 
and of one egg, 11 days. Larval periods varied 
from 10 to 38 days, and pupation periods were 
exactly 18 days in all instances. The first adult 
eclosed on June 27, exactly 40 days after nest 
construction began and 38 days from the first 
oviposition. Rau (1939), in Missouri, found 
that a limited number of pallipes spent a total of 
about 45 days in the egg and larval stages and 
that two individuals spent 18 and 26 days, 
respectively, as pupae. No published informa- 
tion on the life cycles of other species occurring 
in North Carolina was found. 

The duration of the developmental stages of 
three species during the spring of 1957 are shown 
in table 2. These data are based on the first 
appearance of eggs, larvae, pupae, and newly 
eclosed adults. Since adults have been observed 
to destroy and replace eggs in cells (this may 
possibly have occurred in some cases between 
observations), these incubation records should be 
considered maximums. The average life cycle of 
each of these species was 48 to 49 days. The 
first eclosion of adults occurred June 6 for fuscatus 
and June 8 for exclamans and hunteri. In some 
seasons, development is slower than table 2 
indicates. For example, the average incubation 
period of five fuscatus eggs laid in early April 
1956 was 32 days. 

Daily observations also were made of the 
developmental stages in marked cells of a number 
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of exclamans nests in 1957. A marginal cell in 
each nest was marked with quick-drying enamel 
and used as a reference point to map 12 to 16 
adjoining cells. This technique worked better 
for exclamans and annularis than for other 
species. In nests of exclamans and annularis, 
the pedicel was located at the margin and cells 
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were added to one side so that some of the cells 
near the pedicel remained marginal throughout 
the life of the colony. Nests of other species had 
the pedicel approximately in the center, and 
cells were added concentrically so that marks 
were obliterated when new cells were added. 
Data on the developmental periods of exclamans 


( Laphygma frugiperda 
[] Heliothis spp. (principally zea) 
£JOther prey 


 —_— 
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DATES OF COLLECTIONS 


Fic. 1. 


Relative abundance of Laphygma frugiperda, Heliothis spp., and all other species in collec- 


tions of prey from Polistes exclamans during the late summer of 1952 near Faison, N. C. 
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—Duration of the developmental stages of Polistes species in the spring of 1957. 
Clayton, N.C. 


Observation 


Species period 


Apr. 17-May 
May 2-May 
Mav 20-June 


exclamans 


6-May 
28-May 
12-June 


Apr. 
Apr. 
May 


fuscatus 


17-May 2 
1-May 2: 
17-June 8 


Apr. 
May 
May 


huntert 


in marked cells are presented in table 3. The 
greatest range was observed in the larval period. 
This probably was due to variations in the 
amount and kind of food supplied to the larvae. 
The increase in the rate of development from the 
first to the second observation period for each 
stage was accompanied by an increase in the air 
temperature. The pupation period from May 
20 through June 8, however, was noticeably 
shorter than from August 11 through September 
18, although temperatures were higher during 
the latter period. 


FOOD 


Water—Rau (193lc) reported that Polistes 
frequented the water’s edge and that individuals 
were observed alighting on the water surface and 
departing with gullets filled with water. He 
said that the wasps gave water to the larvae, used 
it along with fiber in nest construction, and 
deposited it on the nest during intense heat “to 
cool the larvae and prevent desiccation.” 

In 1949, vegetation was found to provide a 
source of water, as well as ponds, puddles, and 
streams. Wasps of a fuscatus colony were often 
observed making short flights to adjacent vegeta- 
tion where they drank dew or rain collected in 
leaf axils. Marked individuals at times were 
observed to fly from the nest and return with 
water in less than 1 minute. 

Liquid sweets—Wheecler (1908), Rau (1928), 
and others have observed drops of honey-like 
material in cells of Polistes nests. Rau found 
this material in cells which were empty or which 
contained eggs or very small larvae. He ten- 
tatively concluded that the honey was obtained 
from plants, stored temporarily in the cells, and 
subsequently fed to the newly hatched larvae by 
the adults. 

Polistes wasps were observed gathering sweets 


Number 
observed 


fuscatus. 


Length of stage 
(days) 
Total days 
egg 

to adult 


_| 


Range Mean 


11-17 
18-22 


13-16 


13 
19 
14 


“Is 


10-22 
14-18 
16-21 


Cror@ 


13-16 
16-21 
16-18 


= bo 


from a number of sources in 1949 in North 
Carolina. In June, in approximate order of 
abundance, annularis, fuscatus, rubiginosus, and 
metricus were seen gathering honeydew produced 
by homopterous insects on the foliage of Lirio- 
dendron tulipifera L. Later in the season, honey- 
dew produced by aphids on corn tassels attracted 
P. fuscatus was also seen on grapes and 
annularis on over-ripe apples. 

Wasps were often found at extrafloral nectaries 
of field peas, cotton, and okra, and on the 
flowers of Mikania scandens (L.), Eupatorium 
album 1.., Polygonum sagitatum L., Aster pilosus 
Willd., Aster lateriflorus (L.), and species of 
Solidago and Crotalaria. 

Some sources of sweets were apparently more 
attractive to certain Polistes species than to 
others. During July and August, many Polistes 
were found on the floral heads of dallis grass 
(Paspulum dilatatum Poir) in a small damp 
pasture. During approximately 2 hours in the 
morning and 2 hours in the afternoon on August 
12, Polistes individuals on the dallis grass were 
caught, marked with paint and released. Of 
149 females and 1 male marked, 118 (including 
the male) were fuscatus, 14 metricus, 11 exclamans, 
and 7 rubiginosus. Although there were at least 
three large colonies of annularis in the pasture 
and numerous others nearby, not a single indi- 
vidual of this species was seen on dallis grass. 

Differences also exist between species in honey 
storage. For example, on May 10, 1957, 55 out 
of 66 fuscatus nests had at least one cell containing 
honey droplets; whereas, none of 66 exclamans 
nests contained such material. These data, in 
part may reflect a seasonal difference, since at 
other times honey has been seen in nests of 
exclamans. 

Prey.—-Insects, and occasionally other arthro- 
pods, are obtained by female wasps from the 
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fields and woodlands near their nests and are fed 
to the wasp larvae. Many workers have re- 
ported general or chance observations of Polistes 
predations, but the most detailed study of this 
nature was by Rabb and Lawson (1957), who 
identified representative samples of prey taken 
from exclamans and fuscatus nesting in specially 
constructed wasp shelters. Over 90 percent 
of the prey of both species consisted of lepidop- 
terous larvae, most of which feed in exposed 
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situations. In June and early July, an ap- 
preciable portion of the prey was obtained from 
trees and shrubs, but afterwards most of the prey 
was taken from herbaceous plants. They also 
found that exclamans and fuscatus, in general, 
preyed upon similar species but in different 
proportions even when they nested side by side. 
This difference may be due partly to a difference 
between the two species in flight range. 


A study was undertaken to determine the 


GReturners with prey 
fjReturners with fiber 
Ejother returners 
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DATES AND AVERAGE TEMP. (°F) OF OBSERVATION PERIODS 


FiG. 2.—Variations in field activities of a Polistes fuscatus colony from July 20 to September 23, 
1949, as indicated by the number of returners and their loads during four hours on each day of observation. 
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Table 3. 


[Vol. 53 


Duration of the developmental stages of Polistes exclamans during various periods 


from spring to fall of 1957. Clayton, N.C. 


Avg. mean 
daily 
temp. (° F. 


Observation 
period 


~~ 


Apr. 17-May 8 
June 16-July 8 
July 1-Aug. 6 
Aug. 7-Sept. 10 
Sept. 1-Sept. 12 


Cromsi ost 


May 2—-May 27 
June 21-July 22 
July 7-Aug. 31 
Aug. 1-Sept. 9 


May 20-June 8 
June 5-July 13 
July 3-Aug. 9 
Aug. 11-Sept. 18 
Sept. 1-Sept. 19 


Inds sts 
Sort orb 


proportion of various kinds of prey in the food 
of three Polistes species of common occurrence 
in North Carolina. Farms with high concen- 
trations of wasp colonies were chosen as study 
areas so that collections of prey from wasps 
returning to their nests might be as large as pos- 
sible. Wasp shelters such as those used by Rabb 
and Lawson (1957) to concentrate colonies were 
not available 

In 1950, the study area was near Raleigh on a 
farm planted chiefly to tobacco, corn, cotton, 
kudzu, and pasture. Extensive mixed woodlands 
surrounded the fields. Colonies of annularis and 
fuscatus were found in fence rows, field borders, 
and farm buildings. At intervals throughout 
June, July, and August, vigils were kept at these 
colonies during which wasps returning with prey 
were caught, robbed, and released. Prey speci- 
mens were preserved and later identified by 
comparison with known material, much of which 
had been collected in the study area. 

The 1952 work was done near Faison, in the 
Coastal Plain. The wasp colonies studied were 
located in 40 feet of fence row heavily overgrown 
with honeysuckle. This fence was between a 
pasture of closely cropped grass and a field of 
cotton. Tobacco, corn, and various vegetables 
occurred within 150 yards, and extensive mixed 
woodlands within 400 yards of the colonies. The 
denseness of the honevsuckle made it impractical 
to count the actual number of colonies, but there 
were approximately 30 colonies of exclamans, & 
fuscatus, 3 metricus, and 2 annularis. Collec- 
tions were made in July and September in the 
same manner as in 1950 


Number 
observed 


Length of 
stage (days Total 
number 
observed 


Mean length 
of each 
stage (days 


Range Mean 


Core nNe 


17 
=. 
IS 
13 
13 


18-22 

9-24 
12-38 
20-36 


wm es! 


13-16 
10-14 
9-14 


17-22 
IS 


dD 


Total days, y to adult 


The data are given in table 4. Lepidopterous 
larvae comprised 97 percent of the prey of 
annularis and 87 percent of the fuscatus prey in 
1950. In 1952, 96 percent of the annularis, 100 
percent of the fuscatus, and 98 percent of the 
exclamans prey was lepidopterous. With rare 
exceptions, the larvae taken by Polistes typically 
feed on foliage in exposed situations. There 
were no leaf-miners, wood-borers, gall-makers, or 
subterranean insects in the prey collected 

The most striking feature of the data is that 
the prey of annularis came mostly from wooded 
areas whereas that of fuscatus and exclamans was 
caught in herbaceous vegetation of open fields 
(table 5); however, the hunting habitats of the 
three species overlap to some extent. For 
example, they were observed hunting side by side 
in tobacco fields, and an appreciable number of 
tobacco hornworms was taken by each species 
(table 4). 

Prey pellets taken from annularis, the largest 
of the three wasps, were on the average larger 
than those taken from fuscatus and exclamans 
P. annularis also took larger larvae. The instars 
of Protoparce were determined by the method 
described by Rabb and Lawson (1957). Half of 
the 18 Protoparce taken by annularis were fifth 
instars, but only | out of 20 taken by fuscatus, 
and 3 out of 33 by exclamans, were of this size 
A number of the fourth and fifth instars taken as 
prey were parasitized by larvae or pupae of 
A panteles congregatus Say. 

An example of changes observed in the com- 
position of Polistes prey is given in figure 1, 
which depicts the relative abundance of Laphygma 





Table 4.—-Number and kind of prey taken from Polistes annularis, P. fuscatus and 
P. exclamans on farms in North Carolina in 1950 and 1952. 


Number of specimens 
Habitat 
Classification of prey of 
prey® 


1950 1952 


ann. fus. | ann. | fus. 


LEPIDOPTERA 
Arctiidae Estigmene acrea (Drury) H 0 
Halisidota tessellaris (J.E.S. - 4 
Hyphantria cunea (Drury) x 3 
Undetermined 3 
Citheroniidae Antsota virginiensis (Drury - 0 
A. senatoria (J. E. Smith T 0 
A. stigma (F.) . 0 
Citheronia regalis (F / 0 
Undetermined r 0 
Geometridae spp 
Hesperiidae spp. 
Limacodidae sp 
Liparidae Hemerocampa leucostigma 
(J.E.S.) 
Lycaenidae Everes comyntes (Godt 
Notodontidae Dasylophia anguina (A. & S 
Datana spp. 
Heterocampa manteo (Dbldy 
Heterocampa spp. 
Nadata gibbosa (Grt.) 
Peridea angulosa (A. & S 
Schizura leptinoides (Grt 
Schizura spp. 
Undetermined 
Nymphalidae Basilarchia sp. 
Euptoieta sp. (pupa) 
Undetermined 
Oecophoridae Pstlocorsis sp 
Papilionidae sp 
Phalaenidae Acronicta afflicta Grt 
1. retardata (W\k 
{cronicta spp 
Alabama argillacea (Hbn 
Autographa spp 
Catocola sp. 
Feltia subterranea (F 
Heliothis zea (Boddie 
HM. UIrescens (F 
Heliothis spp.' 
Hypsoropha hormos Hbn 
Laphygma frugiperda (J.E.S 
Peridroma margaritosa (Haw. 
Phosphila turbulente (Hbn.) T ‘ 0 
Plathypena scabra (F.) x 0 
Prodenia (prob. ornithogalli 
Guen.) 
Schinia sp 
Undetermined 
Pieridae Colias philodice eurytheme Bd 
Phoebis sp. 
Pyralidae Loxostege similalis (Guen 
Loxstege sp 
Undetermined 
Saturnidae Tropea luna (L 
Sphingidae Ampeloeca myron (Cram 
Cressonia juglandis (A. & S T : 0 
Protoparce sexta (Johan 19 5 6 
Protoparce spp.‘ 0 0 
Undetermined 2 I 
33 2 
DipTERA (Tabanidae adult) 0 0 0 
HEMIPTERA 0 0 0 0 
HOMOPTERA I 0 0 0 
l 0 0 0 
I 
l 


0 
] 


KdNNO 


ee he en ee ae 


] 
0 
0 
0 


0 
0 
l 
0 
0 
0 
0 
0 
l 
0 


Undetermined Lepidoptera 


HYMENOPTERA 

ORTHOPTERA 0 0) 0 

ARACHNIDA (Araneae) 2 0 0) 0 

Undetermined Arthropoda 0) 0 2 0 7 

Undetermined Animal Matter 3 7 0 0 1 
Total 210 242 52 52 100 

bSpecimens not sufficiently intact for distinguishing between H. vir 


“T=trees and shrubs; H = field herbage. 
eCharacters on specimens not sut- 


escens and H. zea, the only Heliothis species found in the study areas 
ficient for distinguishing between P. quinquemaculata and P. sexta, but most of these were probably the latter. 
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Table 5.—Hunting habitats of Polistes annularis, P. fuscatus and P. 
exclamans as determined from the typical habitats of their 
lepidopterous prey. 


Prey of 


Habitat 
ot 
Prey" 


annularts 


Number 
Percent | of spp.” 
27+ 


3+ 


84 
16° 


Woods 
Fields 


Percent 


exclamans 


Number 
of spp. 


fuscatus 
Number 
of spp.» | Percent 
l 2 


2 4 2 
99 11+ 


OS 20+ 


‘Based on specimens for which host plants could be ascertained with 


reasonable accuracy. 


bA plus (+) indicates that some specimens were determined to genus only 
and the number of species may be too low. 
«Ninety percent of these specimens were Protoparce sexta, which typically 


feeds on tobacco. 


frugiperda, Heliothis spp. (chiefly zea) and all 
other prey species in each sample of exclamans 
prey collected in 1952 at Faison. During late 
July and early August, more Laphygma than 
Heliothis were caught, and the reverse was true 
from the middle of August through the first week 
in September. This change was correlated with 
a change in the relative abundance of the two 
prey species and with a change in the food habits 
of H. sea. Collections in the study area indicated 
that H. sea was far more abundant than //_ vire- 
scens even on tobacco, the preferred cultivated 
host of the latter. Although zea larvae were 
present in corn ears and cotton bolls throughout 
the study period, they did not become abundant 
in exposed situations on foliage where they were 
readily available as prey until the middle of 
August 


VARIATIONS IN THE AMOUNT OF FORAGING 


The success of a Polistes colony is largely 
dependent upon foraging activities, such as the 
procurement of prey, liquid sweets, water, and 
building material from the environment by female 
wasps (queens and workers). A quantitative 
study of these foraging activities with the chief 
emphasis on the measurement of prey and fiber 
procurement was undertaken. 

Activity of fuscatus.—_-In 1949, a fuscatus colony 
was selected for study. The nest was under the 
eave of a building located on a farm in Wake 
County. It increased from 130 to 265 cells from 
July 20 to September 23. With few exceptions, 
an egg, larva, or pupa was present in each cell 
throughout late Julv and August but the number 
of immatures decreased rapidly thereafter. On 
September 23, no pupae and only two larvae were 
present. The number of adults varied consider- 
ably and was difficult to determine because some 
were hidden from view on the top of the nest and 
others were in the field. The highest number 
recorded was 55 on August 10 and the lowest 
was 17 on September 23. The first male was 


observed on August 25, and thereafter most of 
the eclosing adults were males. 

Records were taken at approximately weekl\ 
intervals of the number of wasps returning to 
the nest and the number laden with meat or 
fiber. Wasps returning with water or liquid 
sweets could not alwavs be identified with cer- 
taintv; therefore, data on these activities cannot 
be quantitatively compared with meat and fiber 
procurement. Observations were generally of 1- 
hour duration every other hour, usually from 
shortly after sunrise until dark. Temperature 
readings, taken under the eave within 2 feet of 
the nest, were recorded hourly 

The wasps seemed to become accustomed to 
the presence of the observer, and the records 
taken are felt to be fairly representative of 
natural conditions. Data are complete for all 
days of observation only during the hours be- 
ginning at 8, 10, 12 and 2 o’clock. Therefore, 
these data are used as a basis for comparing 
activity from day to day and are shown graphic- 
ally in figure 2. 

Except on August 4, wasps returning (returners) 
with prey and fiber comprised a relatively small 
percentage of the total number of returners 
Most returners were unladen or carried water or 
liquid sweets. The last recorded fiber pellet was 
on August 18, and the last prey was brought to 
the nest in the latter part of September. The 
seasonal decline in catches of prey was correlated 
with a decrease in the number of wasp larvae 
and an increase in the number of males. The 
decrease in the number of wasp larvae was caused 
by cannibalism, metamorphosis, and cessation of 
reproduction. 

Both diurnal and seasonal variations in field 
activity were correlated with temperature. Ac- 
tivity was lowest during the cool early hours of 
the morning and highest during the hours of 
highest temperatures, which occurred between 2 
and 3 o’clock on 9 out of 10 days. There was 
little flight activity below 75° F. The proportion 
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of returners with various materials was also in- 
fluenced by temperature. Above 85° F., the 
number of returners with water increased. 
Wasps began depositing drops of water on the 
nest between 84° and 87° F., and above 90° F. 
most returners carried water. For example, 
flight activity was much greater on July 29 
than on August 4 (figure 2) due to a greater water 
usage on the former day. On July 29, which was 
a clear day with a maximum of 100° F., the 
wasps covered the face of the comb with water; 
whereas, no water was deposited on the nest on 
August 4, which was a mild day with a maximum 
of 84° F. and some light rain. Humidity might 
also be expected to influence water usage, but 
data on this point were not taken. Few wasps 
returned with prey or fiber at temperatures in 
excess of 95° F. Additional observations indi- 
cated that flight activity practically ceased during 
heavy rains and was greatly hampered by high 
winds, although the number of returners increased 
immediately before storms. 

Estimates of the total number of prey and fiber 
pellets procured each day can be made from the 
data collected. For the 5 days of observation 
before and including August 18, both prey and 
fiber were procured at the approximate average 
rate of 32 pellets per 12-hour day. More com- 


plete data, however were taken on Julv 20, when 
observations were continuous from 6:00 a.m. to 
7:00 p.m., except for 30 minutes in the middle of 


the day. During this period, 49 (16 percent) 
of the returners carried prey. Thus the rate of 
prey procurement for the colony was 3.8 pellets 
per hour on this day. Fiber was taken at about 
the same rate. 

Activity of annularis.—Some data similar to 
the above were obtained in 1952 from an annularis 
colony near Raleigh. On August 6, the nest con- 
sisted of about 450 cells containing immature 
wasps. About 50 females were present at all 
times and several males were observed on August 
18. A watch was kept at this colony from 9 a.m. 
until noon on August 6, 9, and 11, and from 10 
a.m. until 1 p.m. on August 18. Since prey 
specimens were collected from returning wasps, 
the normal activity of the colony was undoubtedly 
altered to some extent, but collections (table 6) 
may be used to estimate roughly the rate of prey 
and fiber procurement and other flight activity. 
As with fuscatus, most of the returners were 
unladen or carried liquid. About 20 percent 
brought prey and about the same number brought 
fiber. 

Individual variation —In_ studying the in- 
tranidal relationships of P. gallicus (L.) in Italy, 
-ardi (1948) found a social hierarchy (or domi- 
nance order) in which an individual’s social status 
was dependent upon the degree with which it 
dominated or was dominated by other members 
of the colony. Frequently low-ranking females 
spent more time in performing field activities, 
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such as predation, than higher-ranking indi- 
viduals. Thus, there was a division of labor 
among the individuals of a colony. A more 
complete study of the division of work in P. 
gallicus (L.) was presented by Pardi (1951). 

Individual variation in the kind of work 
accomplished (or division of labor) was observed 
among wasps of a fuscatus colony during late July 
and early August of 1949. A certain individual 
almost invariably was among the first to fly 
afield and among the last to discontinue field 
activities. She consistently flew in the same 
direction when she left the nest, and, though 
returning often, brought neither meat nor fiber. 
Another individual procured meat, fiber, and 
water; took part in construction and larval care; 
and occasionally oviposited. During | hour on 
July 29, 19 out of 48 flights to the nest were made 
by one individual engaged in getting water. 
Other marked wasps, though present on the nest, 
were not seen in flight during this hour. 

Discussion.—Since wasps are difficult to count 
and since all males and many females (at least 
during certain periods) are not involved directly 
in predation, it is more feasible to estimate rates 
of predation of a colony rather than of an indi- 
vidual. An estimate of the average rate of pre- 
dation per colony and the number of colonies 
within flight range of a given area would provide 
a basis for estimating the number of predations 
in that area. If, in addition, identifications of 
prey samples, such as those in table 4, were made, 
the number of predations on a given species could 
be estimated. To be meaningful, data for such 
estimates would have to be taken at times 
coinciding with the seasonal occurrence of the 
prey species of interest. 

One source of error in such a method is the 
fact that the number of prey pellets brought to 
the nest does not necessarily represent the total 
number of predations. Rabb and Lawson (1957) 
found that Polistes frequently kill larvae, par- 
ticularly early instars, that are not carried to 
the nest. However, this error is at least partially 
offset by the fact that wasps at times take more 
than one pellet from a single carcass. Marked 
annularis wasps were observed doing this in 1952, 
and F. R. Lawson (personal communication) 
has also seen fuscatus and exclamans doing 
likewise. 


NATURAL ENEMIES 

Hymeno ptera._-Two ichneumonids of the genus 
Polistiphaga were commonly found in Polistes 
nests during late summer and fall. In September 
and October 1949, many specimens of P. stupida 
(Cresson) were reared from nests of annularis 
and exclamans and seven P. fulva Cresson from 
a fuscatus nest. 

The larvae and pupae of P. stupida were found 
only in cells containing host pupae, but parasitized 
larvae may have been overlooked. The maxi- 





120 


mum number of ichneumonid cocoons per host 
cell was 11 for annularis and 7 for exclamans. 
This difference was due to the cells of annularis 
being larger than those of exclamans. In each 
cell containing Polistiphaga cocoons, the shriveled 
remains of the host occupied the central portion 
and was encircled by about three tiers of cocoons. 
Each tier consisted of three or four cocoons. 
Adults emerging from _ these chewed 
through the walls or caps of the host cells. 


cocoons 


Table 6.—Rate of prey and fiber procurement and other 


flight activity of a Polistes annularis colony during three 
hours on each of four days in August, 1952. 


Average Number of 

returners per hour 

Materials August 
carried 
bv wasps 


Percent 


Prey 
Fiber 
Other* 


*Returners with liquids or no visible load. 


Some data on the prevalence of Poltstiphaga in 
Polistes nests were collected in late November of 
1956 and 1957. After the adult Polistes had gone 
into hibernation, nests were collected from wasp 
shelters and examined for evidence of parasitism. 
Cells in which Polistiphaga had pupated were 
easily identified by the presence of the light- 
brown, paper-like cocoons. The percentage of 
nests parasitized and the number of nests ex- 
amined for each species were as follows: metricus, 
63 percent of 32; fuscatus, 59 percent of 73; 
exclamans, 23 percent of 80; and hunteri, 21 per- 
cent of 14. In most of the parasitized nests, only 
a few cells were affected. The highest percentage 
of cells parasitized in any nest was 23 percent in 
a fuscatus nest of 75 cells. Additional informa- 
tion on Polisliphaga arvalis Cresson (=P. fulva 
(Cresson) according to Cushman 1929, and 
Townes 1944) was presented by Gaul (1940) 

Unidentified species of ants were often seen 
invading unguarded nests. Honey in the cells 
may have been the chief attractant; however, 
the invaders also destroyed the immature stages 
Rau (1930) and Spieth (1947) also listed ants as 
enemies of Polistes in other areas. 

Lepidoptera.—A pyraustid, Dicymolomia pega- 
salis (Wlk.), was reared from many nests of 
annularis, exclamans, and fuscatus during late 
summer and fall of 1949. Caterpillars were 
observed crawling from cell to cell through holes 
in the cell partitions; thus, a single caterpillar 
may attack more than one immature wasp. 
Silken webs were present in all infested and 
adjacent cells. This lepidopteron was seen feed- 
ing only on prepupae and pupae, but it probably 


also attacked larvae and eggs. Caterpillars 
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spinning cocoons were about 14 to 16 mm. long, 
and cocoons were found usually in uncapped cells 
in numbers varying from one to five. Chalcid 
hyperparasites reared from some of the cocoons 
were identified by A. B. Gahan as Dibrachys 
cavus Wik. 

Dicymolomia pegasalis overwinters, at least 
occasionally, in an immature stage in Polistes 
nests in North Carolina. Nine adults were 
reared from a metricus nest collected near Raleigh 
on February 27, 1957, at least a month before 
Polistes wasps began their spring nesting. Para- 
sitism by this lepidopteron varies considerably. 
Though quite prevalent in 1949, it was present 
in less than 1 percent of 199 nests examined in 
1956 and 1957. 

Additional information of lepidopterous and 
hymenopterous parasites of Polistes in the United 
States, Mexico, Central America, and the West 
Indies was given by Rau (1941). 

Other enemies——A list of Strepsiptera from 
Polistes in North Carolina was presented by 
Bohart (1937). During the present investigation, 
a few stylopized Polistes adults were collected, 
but the parasites were not identified to species 
Unidentified robber flies (Asilidae) were occa- 
sionally seen feeding on adult wasps 

Predation on Polistes by a number of species of 
spiders was observed. Wasps often became en- 
tangled in spider webs constructed near their 
nests. A few colonies in shelters were so com- 
pletely surrounded by webs that the wasps could 
neither leave nor return to their nests. These 
colonies perished. 

Unidentified natural enemies 
great or greater significance in the natural con- 
trol of Polistes than any of those mentioned 
above. Many colonies failed to survive because 
of unknown factors. Some observed cases of 
nest mutilation or total destruction seemed to 
have been the work of birds 


may be of as 
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ABSTRACT 


PARATERELLIA is erected for 7rypeta varipennis 
Cog. (=Trypeta versatilis Curr.), and two new species, 
superba and ypsilon. Capitate hairs inserted on the 


Trypeta varipennis Coq., the type of the genus 


Paraterellia described below as new, has been 
known previously only from Arizona, and the only 
other record is that of Curran’s conspecific 
Trypeta versatilis from Oregon. The range of 
this considerably extended in the 
present paper. Also included in this genus are 
two new species, one restricted to California and 
the other distributed throughout the western 
United States. These three species belong to 
the subfamily Terelliinae. As a group they are 
distinctive and easily separable from the other 
two North American genera in the subfamily, 
Orellia R.-D. and Neaspilota O. S. (see further 
discussion below). Accordingly, generic status 
is hereby given to them. 

The writer wishes to thank F. L. Blanc, 
California Department of Agriculture, Sacra- 
mento, for his help in gathering together and 
sending most of the specimens used in _ this 
study; C. W. Sabrosky, U. S. Department of 
Agriculture, for specimens of, and information 
about, Cadrema pallida (Lw.); and Benson F 
Quisenberry, Memphis, Tenn., for information 
from an unpublished manuscript 


species 1S 


Genus Paraterellia, new genus 
Small to medium-sized vellow flies (3.0 to 5.5 
mm. in body length) with convergent posterior 


labellum of each of the new species are described for the 
first time. To the author’s knowledge similar hairs have 
never before been reported in the Diptera literature. 


upper fronto-orbitals, black markings on the 
abdominal terga, and dorsocentrals closer to the 
acrosticals than to the supra-alars. 

Head higher than long; face receding, whitish: 
frons at vertex at most 1.0 to 1.2 times as wide 
as one eye and about 1.3 times as long as width at 
vertex, yellow, covered with extremely slender, 
short, dark setae; three pairs lower fronto-orbi- 
tals; two pairs upper fronto-orbitals, the pos- 
terior pair convergent; ocellars, inner and outer 
verticals well developed; oculars. dark, 
slender, and sharply pointed. Antennae nar- 
rowly but distinctly separated at about 
0.7 times as long as face, the third segment 
angulate or rounded apically; arista somewhat 
swollen and yellowish at base, the remaining 
portion dark and slender. 

Thorax yellow, with a slightly darker yellow 
pattern covering the notum, this darker pattern, 
in turn, covered by a vellowish pollinosity and 
extremely slender, short, dark brown or black 
hairs similar in size and shape to those on frons;: 
dorsocentrals closer to acrosticals than to supra- 
alars; four pairs well developed scutellars. Wings 
with brown bands on a hyaline field. Legs vel- 
low with black bristles. 

Abdomen vellow, tergites with black spots or 


post 


base, 
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bands; ovipositor sheath at most twice as long 
as width at base, most often shorter; terminal 
male tergite 1.5 to 2.0 times as long as preceding. 

Type species.—Trypeta varipennis Coquillett. 

Distribution.—Oregon, Utah, Colorado, Ari- 
zona, New Mexico, and California. 

Discussion.—Convergent upper fronto-orbitals 
are possessed by only two other North American 
fruit fly genera, Orellia R.-D. and Neaspilota O. 5 
The former is a congregation of species having 
the mesonotum with a black ground color and 
the dorsocentrals arising on a line drawn between 
the anterior supra-alars. The species of Nea- 
spilota have wings on which the darker markings 
are usually limited to the stigma and a few veins 
basally; the dorsocentrals are also in line with 
the anterior supra-alars; and the abdominal terga 
are without distinct spots 

However, these two genera, together with 
Paraterellia, comprise the North American mem- 
bers of the small subfamily Terelliinae, a group 
of Holarctic tephritids the characters of which 
are set forth in a detailed key by Hering (1947). 
All genera of the subfamily have convergent 
upper fronto-orbitals, the mesonotum with a 
characteristically patterned light brown to black 
ground color covered by a light to heavy pol- 
linosity in addition to the thoracic setae, and 
vein Ry,; bare or with at most five setae which 
do not extend beyond vein r-m. 

In North America, as well as in the Palearctic 
Region, the Terelliinae are similar to some of the 
genera in the Trypetinae in habitus and size 
Species of the latter, however, never have the 
distinctive underlying dark mesothoracic pattern 
or abdominal spots, nor are the upper fronto- 
orbitals, when present, convergent. According 
to Aczél (1953), there are no Neotropical repre- 
sentatives of the Terelliinae. The genus Orellia 
is represented by several Palearctic species, and 
several additional genera in the subfamily are 
confined to that region. 

Attention is called to the capitate hairs situated 
on the labellae of the two new species described 
below. As shown in figs. 1, 2, and 3, these paired 
hairs insert on the posterior dorso-lateral surfaces 
and are directed out, up, and back. In some dry 
specimens in which the mouth parts are retracted, 
only the capitate ends are visible, usually near 
the edges of the oral cavity and always posterior 
to the middle half of the head. The shape of 
the capitellum is apparently a specific character, 
since there is very little variation among the 
males of either species. No mention of such 
hairs can be found in the two exhaustive works 
on acalypterate mouthparts examined (Frey 1921, 
Munro 1947). However, C. W. Sabrosky has 
pointed out that the male of Cadrema pallida 
(Lw.), a circumtropical chloropid, possesses long, 
straight, anteriorly projecting hairs (fig. 3) which 
possess no capitellum whatever. Whether the 
hairs of Cadrema males are functionally homolo- 
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gous with those of the two species of Paraterellia 
discussed below is beyond the writer’s present 


means to investigate. 


KEY TO THE SPECIES OF -PARATERELLIA 
A wide, continuous brown band extending along 
entire costal margin of wing and continuing to 
vein Mj4. (fig. 5) varipennis (Coq. ) 
This brown band interrupted by at least one hyaline 
area immediately distad of stigma, the band on 
apical half of costal margin narrower and darker 
than that on basal half 
Transverse hyaline area between veins r-m and m 
with convex sides, always completely closed by a 
brown band at costal margin and closed, or nearly 
so, by a brown area on posterior margin (fig. 6) 
superba, new specie: 
This hyaline area almost parallel-sided and extend- 
ing completely across wing from costal to pos- 
terior margin (fig. 7) ypsilon, new species 


2 


Paraterellia varipennis (Coquillett) 
(Fig. 5) 

Trypeta varipennis Coquillett, 1902, Jour. New York Ent 
Soc. 10: 180; Aldrich, 1905, Smithsonian Misc. Coll 
46 (1444): 605. 

Trypeta versatilis Curran, 1932, Amer. Mus. 
13; fig. 2. NEW SYNONYMY. 

A cidia versatilis Curran, 1934, Fam. Gen. North American 
Dipt., p. 287; fig. 5, p. 286. 

Material examined.—Holotype, 2, of vari- 
pennis in the U. S. National Museum, with the 
following labels: ‘“‘Bright Angel, Ar. [Bright 
Angel Hotel, brink of Grand Canyon, Coconino 
Co., Ariz.], 10-7”, “HH. S. Barber, collector’’, 
“Type No. 6635, U. S. N. M. [in red]’’, and 
“‘Acidia varipennis Coq.”” Holotype, 92, of ver- 
satilis in the American Museum of Natural His- 
tory, with the following labels; ‘‘Antelope Mt., 
Harney Co., Ore., 6500 ft. elev., Aug. 17, 1931, 
D. K. Frewing’’, and ‘‘Acidia versatilis Curran, 
type female [in red]’’; allotype, o, of versatilis, 
same data as type except Sept. 14, 1931, and 1 
paratype, 9, same data as type except Aug. 16, 
1931. Six paratypes of versatilis collected Aug 
2 to 11 and recorded by Curran (1932) were not 
seen. The following specimens represent pre- 
viously unpublished collection data. ARIZONA 
29 9, Pinery Canvon, Chiricahua Mts., Cochise 
Co., 6000’, 12.VII.1919, W. Stone (ANSP) 
CALIFORNIA: 20’, Tulelake Insp. Sta., Canby, 
3.1X.56, on building (CDA); 47° oc, 399, 
Siskivou Co., ex NH; cherry fruit fly traps, 4-21 
VII.1952 (CDA and USNM); 19, Lassen Co., 
Bridge Cr. Camp, 9.VI.1949 (UCB); 12, Modoc 
Co., Alt. 4500’, 13.VIII.1939 (UCB): 1c, Cedar 
Pass, 11.VII.1952, in NH, trap in Prunus emar- 
ginata (CDA); 1c, Deep Creek, 28.I1V.1936 
(UCB); 19, Hilt, 10.VII.1914, in berries of 
Juniperus occidentalis (USNM). NEVADA lo’, 
Elko, 11.X1.58 (UCB) 

Discussion.—-The descriptions of Coquillett 
(1902) and Curran (1932), together with fig. 5 
presented herewith, adequately define this rather 
rare species. The wing pattern resembles to a 
marked degree that of Epochra canadensis (Lw.) 


Novit. 556: 
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Posterior view of labellum, showing labellar hairs: Fic. 1, 
Lateral view of labellum, showing labellar hairs 


terellia ypsilon, n. sp. 
Fic. 4, Paraterellia ypsilon, n. sp. 


However, canadensis differs markedly in other 
respects. Its vein R4,; is bristled to beyond 
vein r-m, the thoracic notum is subshining, the 
presutural bristle is lacking, the abdomen is 
unmarked, and the posterior upper fronto- 
orbitals are reclinate rather than convergent. 

Males of varipennis have no capitate labellar 
bristles among the smaller recurved ones, such 
as are described for the two following species. 
Under magnifications of 116x I have not been 
able to find any empty sockets on labellae of 
several males macerated in KOH to expand the 
mouthparts 


Paraterellia superba, new species 
(Figs. 1, 6) 

Head hairs vellowish-brown, extremely slender; 
post oculars about 0.5 times as long as lower 
fronto-orbitals; cheek 0.2 to 0.25 times the eye 
height; frons about 1.2 times as wide as one eye 
at vertex; third antennal segment apically an- 
gular but the angle not projecting anteriorly 
Capitate labellar bristle as in fig. 1; only one pair 
present in any of the males of the series; capitel- 
lum well expanded, bluntly terminated apically, 
fully darkened; stem of hair about as long as fully 


expanded labellum. 
Bristles of thorax vellowish-brown, 


as are the 


Paraterellia, a New Genus of Tephritidae 


Paraterellia superba, n. sp.; FIG. 2, Para 
Fic. 3, Cadrema pallida (Lw 


short, slender notal hairs. Humerus, a narrow 
line extending posteriorly from humerus to wing 
base, and apical two-thirds of scutellum yellowish- 
white and lighter than remaining portions of 
thorax; a very small black spot immediately pos- 
terior to outer postalar; postscutellum and meta- 
notum without dark markings. Wing pattern 
(fig. 6) consisting of a brown area occupying 
stigma, base of cell C, extreme base of cell Rs, 
basal half of cell R, and nearly all of cell Ist A; 
a narrow brown band just posterior to the apical 
termination of vein M,,° and continuing forward 
along the costal margin to a point about its own 
width from apex of stigma, where it is perfectly 
joined to a transverse band of similar width 
extending unbroken from the posterior to the 
costal margins and covering vein r-m; in addition, 
a narrow crescentic band originating near vein 
R;,; directly anterior to vein m and curving 
basad in cell Cu; to join the transverse band 
across vein r-m along the posterior wing margin; 
vein Ry,; with at most four dark setulae on its 
base and on the node dorsally 

Abdomen shining; first tergite usually with a 
suffused dark brown area but not distinctly 
spotted ; second, third, and fourth tergites each 
with four distinct black or dark brown spots, the 
lateral-most ones submarginal; in some specimens 
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the two spots on each side may be fused; in one 
paratype the entire abdominal dorsum is dark 
with a lighter brown posterior margin on each 
tergite. Ovipositor sheath always laterally cari- 
nate with one pair lateral spots basally which may 
nearly attain apex; apex narrowly margined with 
dark brown or black. Terminal segment of male 
dark on at least apical half. 


Right wing, dorsal surface: Fic. 5, Paraterellia 
varipennis (Coq.); Fic. 6, Paraterellia superba, n. sp.; 
Fic. 7, Paraterellia ypsilon, n. sp. 


Type material._-Holotye, 2, Woodfords, Al- 
pine Co., Calif., 27.VII.1930, H. H. Keiffer. In 
the collection of the U. S. National Museum, 
USNM Type No. 64583. Paratypes as follows. 
ARIZONA: 192, 4 mi. n. of Wolf Hole, Mohave 
Co., 25.VII.1937 (SDM); 1c’, Williams, 1.VII, 
H. Barber, Coll. (USNM). CoLorapo: 19, 20 
mi. W. Glade Pk., 29.VI.51, H. G. Rodeck 
(UCM): 10’, Newcastle, Garfield Co., 4.VIII. 
1956, W. H. Lange (UCM). UtTanH: 19, Uinta 
Co., G. E. Wallace, Coll., Carn. Acc. 11394 (CM). 

Discussion.—In spite of its general similarity 
to varipennis in wing pattern, superba is easily 
distinguished by the shape of the hyaline area 
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between the stigma and the median transverse 
band; by the slender, dark appearance of the 
bands in the distal half of the wing field; and by 
the yellowish-brown color of the head and body 
hairs. It is easily separable from the following 
species by the absence of the characteristic ‘‘Y”’ 
and by the position of the transverse band in the 
wing pattern. 

The capitate ends of the labellar setae in the 
males are somewhat larger and more blunt than 
those of the following species, and are darkened 
to the tip, rather than having a transparent area 


Paraterellia superba, new species 
(Figs. 2, 4, 7) 


Head hairs black, post-oculars about 0.3 as 
long as lower fronto-orbitals; cheek 0.18 to 0.20 
times the eye height; frons 1.1 to 1.2 times as 
wide as one eye at vertex; dorsal margin of third 
antennal segment straight, the apex rounded 
Capitate labellar hairs as in figs. 2 and 4, one 
pair present in half the males in the type series, 
two pairs in the remainder; capitellum rather 
narrow and with distal half to third transparent; 
stem of hair about as long as fully expanded 
labellum. 

Bristles of thorax black, as are the short, 
slender hairs covering notum; humerus, and a 
narrow line extending from humerus to wing 
base yellowish-white and lighter than remaining 
portions of thorax; a large black spot immediatel\ 
posterior to outer postalar; postscutellum with 
paired black markings, each about two times as 
long as wide, distinctly separated on center line, 
these sometimes descending onto upper half of 
metanotum. Wing pattern (fig. 7) consisting of 
a light brown area covering stigma, base of cell 
C, base of cell R3, basal third of cell R, all of cell 
Ist A, and basal portion of cell Cu;; a brown 
band commencing at a point on costal margin 
distad of stigma, running diagonally across the 
wing field along vein r-m, and ending well inside 
cell Cu,, the side of this band facing base of wing 
expanded to join dark area in base of cell R; 
directly posterior to stigma, thus forming a 
distinct, macroscopic Y-shaped marking; a third 
band originating very close to or at termination 
of vein Mj.» and continuing forward along costal 
margin to a point halfway between apex of stigma 
and termination of vein R4,;, where it is perfectly 
joined to a transverse band of similar width ex- 
tending unbroken from the posterior to the 
costal margin and lying upon and parallel to 
vein m, rarely joined in cell Cu; to basal stem of 
Y-shaped mark; in addition, anterior half of 
humeral vein darkened; basal fifth or sixth of 
stigma with a distinct dark spot, leaving most of 
vein Cu hyaline; vein Ry,; and node completely 
bare dorsally. 

Abdomen shining yellow, the first and fifth 
tergites without any dark spots, the second, 
third and fourth each with four distinct black 
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spots which are not enlarged or fused. Ovi- 
positor sheath not carinate, blackened at tip; 
paired black spots which may become enlarged 
dorsally near base; terminal segment of male 
with paired black spots. 

Type material.—Holotype, 2, Plunge Creek 
Highlands, San Bernardino Co., Calif., 28.VI. 
1956, ex Mexican fruit fly trap, G. Harper, coll., 
Calif. Dept. Agric. No. 56GS83-2. In the col- 
lection of the U. S. National Museum, USNM 
Type No. 64584. Paratypes (all CALIFORNIA) 
as follows: 19, same data as type (USNM); 
19, Fairmont, 30.VI.1932, No. 2183 (CDA); 
Io’, same data, but Nos. 1898 and 2183, “taken 
on almond” (CDA); 1c’, 19, Valvermo, Las 
Angeles Co., 7.VII.1958, NH; trap, K. Stephens, 
CDA No. 58K19-25 (CDA); 19, same data 
except 10.VII.1958 (USNM); .19, mouth of 
Plunge Cr., 12.VI.1956, ex Mexican fruit flv trap, 
S. George, CDA No. 56F255 (CDA); 19, 
Spring Valley, San Diego Co., 28.VI.1956, Mexi- 
can fruit fly trap in orange tree, R. Rinder, CDA 
No. 56G236 (CDA); 1c, Upland, San Ber- 
nardino Co., 24.VII.1956, Mexican fruit fly trap, 
G. Harper, CDA No. 56H19 (CDA); 192, Victor- 
ville, San Bernardino Co., 23.VII.1956, G. Harper, 
Mexican fruit fly trap, CDA No. 56H20 (CDA); 
1c’, Solano Co., cherry fruit fly trap No. 21, 
July, 1953 (USNM) 1c’, Stanton, Orange Co., 
9.VII.1957, G. H. Byers, Mexican fruit fly trap 
in fig. tree, CDA No. 57G12-49 (USNM); 19. 
2 mi. W. Phelan, San Bernardino Co., 9.VI.1958, 
E. I. Schlinger (UCD) 
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Discussion.--No other fruit fly known from the 
United States possesses the characteristic “Y”’ 
in the wing pattern. This feature alone dis- 
tinguished the species sufficiently for identifica- 
tion. Molynocoelia lutea (Giglio-Tos, 1896, pp. 
10-11, fig. 23) from Mexico also has a distinct 
“Y" in the wing pattern, but that species lacks 
brown markings in the basal half of the wing, 
and has a plumose arista. 

The distal third to half of the capitellum of the 
peculiar labellar bristles (figs. 2 and 4) is trans- 
parent, another character which will aid in 
separating males from those of superba. 
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II. COMPARATIVE SURVIVAL VALUES 


OF SUCROSE AND WATER' 


BERNARD GREENBERG? 


ABSTRAC1 


House flies maintained on lactose, wheat flour, milk 
powder, or l-arabinose die within 48 hours, as they do if 
deprived of all food. A utilizable energy source such 
as sucrose takes precedence over water in fly survival. 
On sucrose alone, flies live about 50 percent longer than 
on water alone. Under conditions ranging from partial 


Water has been generally reported to be an 
essential constituent in the normal diet of the 
house fly, Musca domestica L. Without it, the 
fly can not survive for more than 48 hours 
(Lodge 1918; Bucher et al. 1948). The usual 
water loss of insects from the integument and 
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to complete inanition or dehydration, females prove 
more hardy and live more than 35% longer than males. 
Powdered food produces an avoidance reaction in the 
fly which is counterbalanced by its hunger drive. The 
fly’s position at the edge of the food is a resultant of 
these two forces. 


spiracles is further increased in this species by 
its habits of vomiting and passing liquid excreta. 
While rearing flies for various studies, the author 
observed that survival without water was con- 
siderably improved if sucrose was made available. 
This paper compares the longevity of flies main- 
tained on water alone with that of flies maintained 
on sucrose or other substances in the absence of 
water, and compares the survival of males and 
females under these conditions. It also compares 
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survival of the sexes maintained on water alone 
in light and in the dark 


MATERIALS AND METHODS 

House flies were collected in Sheboygan County, 
Wisconsin, in September 1955, and their descend- 
ants had been reared through more than 15 
generations prior to these experiments, by 
methods previously described (Greenberg 1954). 
Cages used here measured 18x18x18 inches. 
Each contained from 100 to 400 flies, 2 days old, 
which had emerged directly from the breeding 
material. The flies fed ad libitum on a milk-and- 
honey solution for the first 2 days, after which 


the test material was substituted. The test 
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we M |. 
and 


water in glass 
/-arabinose, 


materials were cold 
granulated sucrose, 
Carnation milk powder.‘ 

Each dish of sucrose was dried in an electric 
oven for 12 hours at 100° C., then was placed 
in the cage in the insectary for 12 hours. To 
determine the amount of ambient moisture ab- 
sorbed by a sugar sample, several such dishes, 
each containing 25 to 27 grams of sucrose, were 
reweighed after 12 hours’ exposure to the 
atmosphere 

Except as indicated below, the work was con- 
ducted in an insectary with a temperature of 
25°+1.5° C., at relative humidity of 40+ 10 per- 


cent, and a davlight period of 16 hours. To 


tap 
lactose, 


‘Analysis on package (percent): protein 36.7, lactose 
51.0, minerals 8.0, milk fat 0.8, moisture 3.5. 
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determine the effect of light on survival, one group 
of flies was kept for 77 hours in constant darkness, 
and another group in constant light; in both 
situations the temperature and relative humidity 
were as indicated above. Observations were 
made at intervals during the day, and dead flies 
were removed and counted at these times. 

Flies exposed to the effect of summer tem- 
perature and relative humidity were maintained 
in a room where temperature, humidity, and light 
were not controlled. A hygro-thermograph pro- 
vided a continuous record of temperature and 
relative humidity. The latter remained within 
the same range as in the insectary 

RESULTS AND DISCUSSION 

The sugar samples tested for absorption of 
ambient moisture showed an average gain in 
weight of 0.0018 grams, or 0.0068 percent. A 


fly consumes about 0.015 ml. of a 5 percent 
sucrose solution in 24 hours (Greenberg 1959) 


l\\ 
| \\ 
\ 
\ 


Survival of house flies maintained on sucrose, on 
water, or on neither substance 


Fic. 2 


In the absence of other water, therefore, the fl\ 
might satisfy its daily water requirement only 
by consuming an entire 25-gram sample within 
24 hours. 

Fly populations which were given /-arabinose, 
wheat flour, milk powder, or lactose, suffered 
100 percent mortality in 2 days. Similar results 
were obtained when flies were deprived of all 
food or water (figure 1). Figure 2 graphs the 
survival of flies given sucrose, tap water, or 
nothing. Fifty percent mortality occurred at 
114 days, 2 days, and | day, respectively, under 
these conditions. On tap water none were alive 
after 4 to 414 days, while on sucrose 10 percent 
were alive after 7 days. 

The endurance of flies given sugar or water 
and exposed to summer temperatures and rela- 
tive humidity is shown in figure 3. Flies fed 
sucrose outlived those on tap water, and survival 
was inversely related to temperature. 

Flies kept in total darkness as a means of 
depressing their activity, and given only water, 
lived longer than their counterparts maintained 
in constant light (table 1) 
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Table ! 
continuous light and in the dark. 


Survivors in light (%) 


Hours 
Females 


Males 


27 85 90 
44 53 80 
48 25 55 
oT 20 
68 : 13 
77 ‘ 3 


A utilizable energy source such as sucrose ap- 
pears to take precedence over water in house fly 
survival. Under conditions where water alone is 
available, flies soon “burn themselves out,” be- 
come reluctant, then unable, to fly, and die. 
The higher percentages of survival of flies kept 
in darkness may be an additional indication that 
the need to repair the energy deficit is more acute 
than the water imbalance. It is evident from 
tests described above that flies feeding on sugar 
granules can derive only an insignificant amount 
of absorbed water from them. 


Survival at summer temperatures of house flies 
maintained on sucrose or on water. 


In a few instances, flies survived an unusually) 
long time on sucrose alone—2244 days in one 
case and 19 days in another. ‘These few survivors 
were rather rigorously selected, as is suggested 
by the slope of the curves. Under conditions 
ranging from partial to complete inanition and/or 
dehydration, a bimodal response was consistently 
obtained from the two sexes. On sucrose, the 
hardier female population lived 35 percent longer 
than males, based on comparison of survival time 
at the 50 percent mortality level. Table 1 
illustrates this sex-mortality difference, which 
emerged as a consistent phenomenon in every 
experiment performed. Rockstein (1957) and 
Rockstein and Lieberman (1958) have noted the 
relative hardiness of the female under analogous 


Tlouse Fly Nutrition. 


Total 


i. 


Differential survival of males and females subsisting on water, maintained in 
Figures are an average of two replicates 


Surviors in dark (% 


Males Females Total 


100 100 
72 98 
58 88 
23 66 

3 48 
l 4 


circumstances. Such differences in longevity 
probably indicate dissimilarities in larval nutri- 
tion, and perhaps in adult physiology. 

When flies are changed over from a normal 
diet to sucrose, they produce only one-tenth as 
many fecal and vomit spots. This is to be 
expected under conditions of diminished intake 
More important in considering survival ability 
is the fact that the house fly continues to pass 
liquid excreta during the critical drought period 
With survival mechanisms involving water gain 
and loss, this single factor tips the scale against 
the fly and limits its life span. 


A 


Feeding position of house flies given (A) 
B) powdered sucrose. 


Fic. 4. 
granulated sucrose or 


A solution of lactose or of milk powder is 
sufficient to support the life of a fly for several 
weeks. In their dry state, however, these sub- 
stances are not effective, and flies die within 48 
hours, as they do without any food (figure | 
Since the lactose used in these experiments was 
in powdered form, granulated sucrose was milled 
and presented to flies as a powder; within 48 
hours all these flies were dead, their bodies dusted 
with sugar. Placing a cheesecloth cover on the 
surface of the powdered sucrose reduced contact 
between fly and substrate and increased survival 
time to 72 hours, but covering the lactose did not 
extend longevity 

As a prelude to ingestion, flies are able to 
solubilize solid food with their saliva and then 





128 


draw the dissolved material into their food canal. 
The limiting factor in the utilization of lactose 
under these circumstances may be its lower 
solubility. Under conditions of water deprivation 
it may not be dissolved effectively and absorbed 
by the flv. Lactose supports flies for at least 2 
weeks if water is separately available 

Particle size influenced the feeding position of 
the fly in these experiments. When offered 
granulated sucrose, flies landed, walked, and fed 
on the surface of the sugar. With powdered 
sucrose, the majority took a position on the inner 
side of the dish, a “‘proboscis-length” from the 
substrate itself. This, apparently, is the resultant 
of two opposing influences, the hunger response 
and the urge to avoid being dusted with powder 
(figure 4). 
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Utilization of 1-C'-Acetate in Lipid Synthesis by 
Adult House Flies' 


W. E. Rossins, J. N. KAPLANIs, S. 
AND R. E. MONROE? 
Entomology Research Division, Agric. Res. Seri 


U. S. D. A., Beltsville, Md. 


J. LovLtoupgEs 


The utilization of acetate in fatty acid (Kennedy 
1957) and cholesterol (Bloch 1957) biosynthesis has been 
extensively studied in mammals, but very little is known 
about the role of acetate in lipid synthesis in insects 
Inasmuch as insects, unlike mammals, require an exog- 
enous source of sterol for growth and development 
(Albritton 1953, Brookes and Fraenkel 1958), the syn- 
thesis mechanism for this group of compounds must be 
absent in these organisms. This has been demonstrated 
in the larvae of the beetle Dermestes vulpinus, which 
utilize acetate for synthesis of fatty acids and un- 
saponifiable material but do not incorporate it into 
cholesterol (Bloch et al. 1956). However, Casida et 
al. (1957), in a comparative study on mice and adult 
male American cockroaches, found more C'-acetate in 
the digitonin-precipitatable material of the roach. The 
following studies were undertaken to investigate the 
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Av. 


weight 


Numbers (grams) 


weight 
per fly 


mg. 


role of acetate in lipid synthesis in adult house flie 


(Musca domestica L. 


MATERIALS AND METHODS 

House flies of a normal strain, reared by the CSMA 
procedure, were used when 2 and 3 days old. These 
flies were maintained on a diet of sucrose-powdered de- 
fatted milk (1:1) previous to and during the experimental 
period. The were anesthetized with carbon 
dioxide and injected in the thorax with 0.86 ul. of an 
aqueous solution of 1-C'* sodium acetate. They were 
then held for 18 hours at 25°+3° C., weighed, frozen, 
and held under refrigeration until analyzed. The treat 
ment data are summarized in table 1. 

The flies were homogenized and saponified under 
nitrogen for 6 hours in 50% ethanol containing 12.5% 
of potassium hydroxide. Following filtration, most of 
the ethanol was removed and the unsaponifiable fraction 
was extracted with peroxide-free diethyl ether. The 
aqueous phase was then acidified to pH 1 with con 
centrated sulfuric acid and extracted with diethyl ether 
The extracts were washed with water and dried over 
inhydrous sodium sulfate, and the solvent was removed 
under reduced pressure with a rotating evaporator 
The fractions were then made up to a known volume with 
olvent and aliquots assayed radiometrically. 

Radioassays were made on weightless samples with 
a conventional scaler and thin-window GM tube. All 


insects 


satment data 


Micrograms of 

C'*_acetate Total 
dose 
Per Fly Per Mg. 


(cpm 


0.66 9 30 x 10° 
63 82 x 10° 


64 5.28 x 10° 
72 5 98 x 10° 
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samples were counted in duplicate for a sufficient time 
to give standard errors of 5%. 

The unsaponifiable material was fractionated on a 
1.5X7.5 cm. column of alumina’ (7.5 gm.). The column 
was developed successively with 100 ml. of redistilled 
Skellysolve B and reagent grade benzene, diethyl] ether, 
and acetone. The neutral sterols (cholesterol and 
related sterols) were eluted with the diethyl ether. 
These various fractions were assayed radiometrically. 
The ether fraction from the column was further analyzed 
by digitonin precipitation (Sperry and Webb 1950). 


RESULTS 


The incorporation of injected 1-C'*-acetate into the 
saponifiable and unsaponifiable fractions of adult house 
flies is given in table 2. The female flies incorporated at 
least 2.5 times as much acetate into the fatty acids as into 
the unsaponifiable fraction, and the rate of fatty acid 
synthesis was 3.7 to 8 times greater in females than in 
males. By contrast, both sexes utilized about the same 
amount of acetate in the synthesis of unsaponifiable 
material. 

Chromatographic analysis of the unsaponifiable frac 
tions demonstrated that less than 2% of the radioactivity 
behaved as sterols (table 3). More than 80% of the 
radioactivity in both sexes was eluted from the column 
with Skellysolve B, which elutes the hydrocarbons. 

The ether fractions from these experiments were 
pooled according to sex and subjected to digitonin pre- 
cipitation. No significant radioactivity was detected 
in the washed digitionin precipitates of either sex. The 
method was sufficiently sensitive to detect 2x10~'% 
incorporation of the administered C'-acetate 


DISCUSSION 

The relatively large percentage of C''-acetate incor- 
porated into the unsaponifiable fraction of adult house 
flies as compared with mammals (Hutchens et al. 1954) 
indicates a higher synthesis or turnover rate for this 
fraction in the fly. In the male as much or more of the 
administered acetate was used in the synthesis of the 
unsaponifiable material than of the saponifiable fraction. 
The higher rate of incorporation into the saponifiable 
fraction by female flies suggests the biosynthesis of fatty 
acid for oogenesis. 

Most of the radioactivity in the unsaponifiable frac- 
tion of the house fly behaved like a hydrocarbon when 
analyzed by column chromatography and further work 
is under way to characterize this compound(s). How- 
ever, the absence of detectable radioactivity in the 
digitonin precipitate of the sterol fraction demonstrates 
that sterol synthesis from acetate does not occur in the 
adult house fly. These findings are similar to those 
reported for Dermestes larvae (Bloch et al. 1956), but 
Scientific Co., lot 
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Percent 
unsapon- 
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Flies Cpm 


Females 
l O09 x 10° 
2 28 x 105 
Males 


82.6 I 
SO 4 


16 x 104 
2.18 x 104 
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Table 2.—Incorporation of 1-C'*-acetate into the fatty 
acid and unsaponifiable fractions of house flies 
18 hours after treatment. 


Total 
observable 
activity 
(cpm ) 


Percent 
of total 
dose 


Cpm 
per 
milligram 


Weight 
(mg.) 


Fatty acids 


Females 
] 3.80 10° 
2 5.00 105 
Males 
] 3.6 «10 
2 6.8 «104 


396 
410.) 


286 
280 .2 


Unsaponifiable fraction 


Females 
2157 


2300 


1.32 10° 61 

1 53 10° 665 
Ma 
1244 
1406 


6 9810! 56 
LiKe 83 . 3 


differ from the cockroach, which was found to incorporate 
about 0.08% of the administered acetate in the digitonin 
precipitable material (Casida et al. 1957). 
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Column chromatography of radioactive compounds in the unsaponifiable fraction of house flies. 


Diethyl Ether Acetone 

Radio- 
activity 
recovered 
(percent) 


Percent 
unsapon- 
ifiable 


Percent 
unsapon- 
ifiable 


Cpm Cpm 


2.40 x 108 : $60 x 10? 
2.56 x 10? 7.80 x 10? 


2 x 105 1.14 x 108 
6 x 10? 48 x 10? 
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Intraspecific Competition Studies of the Melon 
Leaf Miner, Liriomyza pictella (Thomson) 
(Diptera: Agromyzidae)' 


EarL R. OATMAN? 


The melon leaf miner, Liriomyza pictella (Thomson 
competes with various species of insects and spider mites 
several varieties of 
Fie population surveys conducted during 
and 1955 indicated that heavy infestations of the 
aphis, Aphis gossyppii Glover, and spider mites, 
Tetranychus spp., on melon leaves were detrimental to 
the population increase of the melon leaf miner on the 
leaves thus affected. In addition to interspecific com 
petition from A. gossyppii and Tetranychus spp., there 
was evidence that intraspecific competition, together 
with parasitism, played an important role in reducing 
the population level of the melon leaf miner when it 
reached high numbers 

Further evidence that intraspecific competition was 
n important limiting factor was obtained during lon- 
gevity and oviposition studies conducted under green- 
house conditions and Michelbacher 1958). In 
studies there appeared to be more larvae mining 

I 1) plants which had been exposed to ovi 

than in those exposed for 72 hours 


same hosts, especially on 


Oatman 


melon leaves 
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Table 1.—Influence of population density upon survival 

where single individuals and high populations of melon 

leaf miners were permitted to oviposit in the primary 

leaves of Henderson bush lima bean plants for periods 
ranging from 2 to 72 hours. 


Hours Exposed to 
oviposition by 


High 


populations 


Single 
individuals 


18 24 


Average number of mining cS 
larvae 25 79 156 33 71 
Average number of pupating 
larvae 23 «58 56 27 14) 
Percent larval mortality 8 27 64 I8 31 


ving 


‘Conducted under greenhouse conditions averaging 


26° C. and 34 percent R. H 


METHODS AND MATERIALS 


A series of experiments were designed to substantiate 
these observations. Bean plants, selected for conformity 
of age, vigor, and size of primary leaves, were exposed to 
high populations of adults in culture cages for periods of 
2, 4, 8, 24, and 48 hours. Plants were also exposed to 


9 


individual fertile egg-laying females for 24, 48, and 72 


Thomson 
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hours. The tests were replicated for each oviposition 
period. Upon removal, the plants were marked with 
both the date and the time exposed to oviposition, and 
caged to prevent the escape of larvae. The pupae were 
collected daily and placed in lots designated as first, 
intermediate, and last according to the time of larval 
emergence and pupation. After 24 hours, the pupae were 
weighed. The number of days during which pupation 
occurred was also recorded. 


RESULTS AND DISCUSSION 


The data in table 1 show that, as the number of mining 
larvae increased, the percent larval mortality increased. 
This was especially true when the plants had been exposed 
to high populations. The larvae that emerged from the 
eggs first oviposited consumed most of the leaf tissue, 
thus adversely affecting the development of those emerg- 
ing later. The data also show that there was competi- 
tion between females for oviposition activity where the 
bean plants were exposed to high populations. This was 
revealed by the number of larvae in the leaves of plants 
exposed to high populations compared to those in plants 
subjected to individual females. 

The results obtained where plants were exposed to 
oviposition by high populations for 4 hours were similar 
to the results recorded for 2 hours’ exposure, and 24 
hours of exposure gave results similar to 8 hours. In 
the tests involving individual females, the larval mor- 
tality in plants exposed to oviposition for 48 hours was 
only slightly higher than that which occurred at 24 hours’ 
exposure. 

There was no significant change in the average weight 
of the total pupae obtained from a plant, regardless of 
the length of time that the plant had been exposed, pro- 
vided the population was not so high as to cause the plant 
to abscise its leaves. However, there was a difference 
in the average weight of the pupae from heavily mined 
leaves. In most instances, the weight of the pupae from 
larvae emerging from the leaves the first day of pupation 
averaged more than those leaving the third day. 

The primary leaves of plants exposed for 48 and 72 
hours to oviposition were often so heavily mined by the 
first larvae emerging from eggs that they abscissed 
within 12 hours. When this happened, only the mature 
larvae left the drying, abscissed leaves to pupate. The 
resulting pupae appeared abnormally small. Forty- 
one of these pupae were retained for adult emergence. 
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Of this total, 19 adults emerged fully, 2 died with only 
their heads protruding from the puparium, 11 died within 
the puparium, and 9 pupae did not develop normally. 
The mortality (56 percent) was more than twice that 
which normally occurred during ecological studies 
(Oatman and Michelbacher 1959). The wings of the 
19 adults which emerged averaged 1.2 mm. along the 
longitudinal axis. In comparison, the wing measure- 
ments recorded for 25 males and 25 females during life 
history studies (Oatman and Michelbacher 1958) aver- 
aged 1.4 mm. 

The results show that intraspecific competition did 
occur, with considerable adverse effect on the succeeding 
population. Melon leaves in the field are similarly 
mined as a result of continuous exposure to high popula- 
tions of adults (fig. 1). The adults begin laying eggs 
in the cotyledons of the melon plant early in the season. 
Later the eggs are oviposited in the mature fleshy leaves 
(Oatman and Michelbacher 1958). As the plant con- 
tinues to grow there are more and more suitable ovi- 
position sites, but suitable leaves are fewer as the plant 
approaches maturity and sets fruit, and very few indeed 
as it approaches senescence. In the meantime, the 
population of the melon leaf miner has grown corre- 
spondingly until it has reached very high numbers. As 
a result, all suitable leaves are subjected to extremely 
high numbers of mining larvae, often leaving them 
devoid of green tissue. It seems logical, therefore, to 
assume that intraspecific competition (as experimentally 
demonstrated) will and does occur in melon plants in 
the field. This would help explain the sudden decline 
in numbers of the melon leaf miner population after it 
has reached very high numbers and before parasites have 
become numerous enough to suppress its numbers (Oat- 
man 1959). 
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